Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2

50X1-HUM

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



HANDBOOK ON AFOMAGNETIC SURVEYING

Metodicheskoye rukovedstve A, A, Logachev
aeromagnitnoy styemke [Handbook
on Aeromagnetic Surveyingl,
1955, Moscow, Pages 3-14
TABLE OF CONTENTS

Introduction

Chapt g 3 £4 F

1. The Relation of magnetic anocmalies to geological structure

2, The Z, and At magnetic fields and their interrelation

The Analytical connection between 2, and H, fileld and
calculation of H, on a given Z, field
Changes in the intensity of the geomagnetic fisld
with increase in altitude of plane of obssrvation
Calculation of fisld intensiby at & given altitude by
means of the known field distribution at a lower plans
Calculation of field intensity at points below the plane
in which field distribution is known

r IT, eUtliatin Anomalous Magnetic Fiels
le) cal F cti
Determination of the course and contours of geological
ures by the data of
Determination of depth of occurrence of magnetized bodies
Caleulation of the characteristics of occﬁrrence of
magnetized bodies of the simplest shapes by means of
the analytical expressicn for field intensity
10. Determination of characteristics of occurrence by
comparing the measured i‘ial;‘i with the theoretical
fields of bodies of simple shape

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2

50X1-HUM




S Sanitized Co Approved for Release 2010/09/01 : GIA-RDP81-01043R000900100005-2 i
o Vi / ] S B Ty

~

Page
Caleulation of characteristics of occurrence by values of

the anomalous field at various levels
Caleulation of depth and other characteristics of occur-
rence of magnetized bodies by the gradients of the

Z or /\T curves

Caleulation of depth and other characteristics of

ocecurrence by means of the higher derivatives
Determination of magnetic intensity and characterigation

of rock composition thereby

Chapter III, Methods in Aerial Magnetometry

15. Accuracy requirements in measurements of magnetic fields
146. Correlating the measured values for intensity of magnetic
field to the locality
Distances between flights and altitude
Measurement of magnetic field from various altitudes
Special features of aerial magnetic survey in mountain
areas
Control Measurements
Elaborabion of magnetograms for calculation of depths and
other components of occurrence of magnetized bodies
Elaboration of magnetograms for compilation of magnetic
field maps

23. Presentation of the results of aerial magnstic studiss

Bibliography

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2

50X1-HUM

INTRODUCTION

Soviet geophysicists were the first to create an apparatus
with which to take magnetic measurements from aircraft and to work
out 2 method for use in the field for geological prospscting. The
first experimental flight with an aerial magnetometer was made on
19 July 1936 by A. A. Logachev and A. T, Mayboroda, between Novegorod
and ‘Valday (cf. Logachev 1936).

Millions of square kilometers of Soviet territory have now

undergons magnetic survey from the air. This resulted in the dis-
covery of new iron-bearing regions with large resources, while
valuable data on the geclogical structure of extensive territories
have baen obtained. This data is being employed successfully in
the compilation of gsological charts and in salection of areas

offering good prospects for the discovery of mineral resources.

Magnetic studies may readily be made from the air over
. territories inaccesgible to study from the ground. This makes it
possible to follow the major structural forms without interruption

over all types of land and water surfacese.

The comparability of the findings of aerial magnetic surveys
conducted on a large scale and with high accuracy and geological
data for given regions makes it possible to examine changes in the
magnetic field over a geological region as a whole and to identify
special reglonal features of the magnetic field and the interrelation
thersof with peculiarities of geological structure. Individual
magnetic anomalies, which are usually studied from the gmound,‘ are

pow examined not in isolation from ths genmral naturs of the magnetic
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field but as a consequence of general changes reflecting geological

structure.

This makee possible a fuller and better grounded analysis
both of the general character of the magnetic field and of magnetic
anomalies identified therein.

The completeness and ths logic of the analysis of magnetic
field improve particularly with accumulation of factual ini'omation
on the geological structure of its individuel parts, this information
being taken as datum points for analysis of changes in the magnetic

field over the entire territory.undeér study.

Analysis of the magnetié fields of large territories with
the assistance of geological data and geophysical data gained on
the ground opens the way to ths determination of regional geophysical
signs indieating the possibility of finding given resources in spe-

cific areas in a manner analogous to that employed in learning the

general geological situation.

Maps of terrestrial magnetism obtained by aerial survey
congtitube a new and significant step forward because they represent
the taking of measurements of high accuraecy, over a fine network of
routes, within a brief period of time, encompassing very substantial
territoriess This is either impossible or excesdingly costly if
dene on the ground,

Magnetic surveys may be made from the air at various altitudes.
The only limiting factors are topography and the ceiling of the air-
oraft. There is a significant relationship between altitude and the
detall of the findings. As the survey altitude increases the magnetic
sffects of small geological forms are lost. A magnetic chart compiled
from data obtained from a high altitude flight will reveal only msjor
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geological features. The intengity and shape of an anomalous magnetic
field produced by rock of the crystilline foundation and found in
arsas with thick sedimentary overlars of nonmagnetic rocks will be
analogous In intensity and shape to.an ancmalous magnetic field
observed by asrial survey over a tetritory with exposed grystalline
rocks at an a.ltituda equal to the tidckness of the nonmagnetic

supsrfisial estrata.

The present handbook is baswd on the experience accumilated
in applying aerial magnetic surveyilg to resolve varicus geological
problems. There i3 no nsed to argw the fact that the possibilities
to which aerial magnetic surveys may ke put in the prospecting of
mineral resources have not been exhumusted. The theory, techniques,
and procedures are constantly underping improvement and new possi-
bilitiss for more sffective emplaymﬂilb of this methed of high speed
geological study of the snormous tezg?iwry of the Soviet Union are

opening up.

Further improvement in the gological efficiency of aerial
magnetic survey is a major challenge to geophysical prospsctors.
The geological results of an aerial magnetic survey, consisting in
cenclusions as to the geological stimcture of the region under
study, the identification of areas «fering good prospscts and the
pinpointing of sites for prospectings as well as compilation '_of
properly gromd@ recommendations as to the direction, initial
scale, and t.ypes of further geophysisal and geological prospecting
of these sites could be a great deal more complets and accurate
than is presently the cagse if the orpanization, technigqies, and
methods of aerisl magnetic refiearch were improved aceordingly.

In the field of the techniquss of aerial magnetic progpecting,

‘-3.‘
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the progress made in recent years is quite significant although many
valid possibilities for the further improvement of surveying techniques

have not been employed.

We know that iﬁ very rugged country the detall of the surveys

is limited by ths high altitudes at which flights have to be made

" over deep valleys. Over plain sountry the survey may be taken from
a more or less consisnt, low altitude. However surveys on a scale

- more detailed than 1:50,000 cannot be justified economically. The
main reason for this ig that there is a given fiying speed at which
fairly small details in the field, necessary for large scale surveys,
disappear or ave recorded inaccurately due to the inertia of the

instrumants,.

Two directions are open for :\ncra&siﬁg the scale of aerial
magnetic survey., One is acceleration of the rate at which the
magnetic field is recorded by automatic aerial ma;@atomotexfs and
the other is the use of helicopters for work where surveys on a
large scale are desired. The lattex.' is the more practical solu'oi..on
of the problem bscause high speed aireraft cannot be used for .
large scale mapping in high mountain areas with very broken topography
even if equipment with a significant diminution in the so-called
"time constant! were developed.

Much attention must be ‘given to stricter adherence to readily
rescognized landmarks for locations entered in the topographical map,
the accuracy with which altitude is determined over the entire length
61’ sach route, md the development of methods for objective recording
of the routes traversed and ‘the altitude of the aireraft above ground

level over its entire course. Topographical maps of the necessary

accuracy are absolute requirements for surveys of high acouracys
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" Objective recording of the routes traversed is possible in
one of 2 ways, (a) continuous or selective photography with recording
of the tims, or (b) use of geodesic radar. Experience has shown that
photography i3 a good mtht;d for objectively chacking back over the
route traversed but is is incapable of improving the plotting of
the routss The latter problem, which is most important, is best
solved by radare

The problem of recording thas altitude of the aireraft above
ground leval over the entirs routs is rasolved satisfactorily by
simltangous amployment of the radlo altimeter and the barometric
altimeter, with automatic recording.

Aecurate piloting of the aircraft over the given route and
objestive resording of the coordinates over the entire course worked
are important conditions for the taking of aerial magnetic measure-

ments of high precision.

Precision measurements are a necessary but inadequate condition
for increasing the geologlcal effectivensss of aerlal magnetic
gurveying. Given accurate and precise measurements, the results of’.
the mathod are affscted dicisively by rat.ional choice of routes (for
height, proximity, and direction) and maximum employment of the data
obtained as to the magnetic field in prospscting‘the territory,
with allowance for all the geophysical and geological data for the

district.

‘ It is to be borne in mind the.it the concept of geological
sffectivensss includes questions of cost. Therefors the develop—
ment of rational method of conducting aerial magnetic anrveya;
beginning with the planning and finishing with the compilation of
a goologloal report, must pursus the cbjeet of resolving the geologieal

-5-
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problen as fully as possible with a minimum expenditure of time and

money.

In thia direction the creaiive initiative of field personnel
may contribute much, so as to permit proper use of the summer seascm
for the fullest possible study of the magnetic field of the given
locality, improvement of the aécuracy of measurement of magnetic
field mtenaj.ty.. cioss 2dherence of routes to the needs of the

locality, and simplifieation and inereased precision in elaboration
and gruphic presentation of the findings. '

The ultimate object of all improvemsnt in techniques and
progedures in aerial magnetic survey is improvement in the geological
effactiveness thereofe ssu; of the experience accumulated in the
employment of aerial l_laéu’tic’ ‘surveying for the solution of various
geological problems is o'no of the necessary conditions for the
attainment of positive results in this field. Analysis of the data
of aerial magnetic survey for a given area requirss complete employ-
ment of all the avallable geological data on the territory under
investigation, materials and conclusions on work conducted by other
geophysical mat%wds_ and of data on the physical propertiss of the
rocks of the given area. In addition explanation of the causes of
changes observed in the magnetic field must also make tse of
mathematical methods of caloulating the components constituting
the magnetization of various bodies,

. Only all-inclusive employment of the total geological and
goophysical data on the district, with consideration of experience
atbained in work in other districts and with employment of methods
of mathenaticai analysis, is capabie of assuring the fullsst atili-
zation of- the data sbtained by aerial magnetic surveys to vdarive

-b -
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properly grounded geological conclusions and charts and thereby to
accelerate and reduce the cost of solving problems involved in the

search for new deposits of mineral resources.

CHAPTER I THE ANOMAIOUS GEOMAGNETIC FIELD

Experimentai data on the size and direction of the magnetic
field at the earth's surface has provided the basis for the creation
of a theory which regards the intensity of the field at any geographic
point as the gsometric sum of the magnetic forces T = T0+T1+T2+T3 »
in which the primary member T, is the vector of the msgnetic field
of a uniformly magnetized sphere and the other 3 ibems are vectors
of anomalous fields idemtified by area as continental (Ty), regional
(Ty), and local (T3)s The boundary between the latter 2 is entirely
a matber of convention., Regional anomalies include those whose areas

is in the range of hundreds or thousands of square kilometers while

local anomalies include all whiech are:smaller than that.

There are various views as to the reasons for the sxistence
of continental magnetic a;xomalies. Bmploying formal methematical
analysis, applied to roundéd«-cff contours of continsntal anomalies,
certain writers have concluded that their sources lie st very consi-
derable depths, measurable in fractions of the earth's radius (cfe
Kalinin, 1940). This view is given support by considerations
arising from the study of certain other geophysical data (Kazanli, 1948).

One of the continental anomalies embraces the entire territory

of Eastern Sibsria. In evaluating the present theordes as to the
causes for this anomaly, it 1s impossible not to be attracted to the
fact that the central portion of the anomaly corresponds to the area

-7 -
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of the highly magnetic Siberian trap rock. This coincldsnee is hardly
aceldental and therefore the opinion of other workers (ef. Glebovskiy,
1946) who see a direct connection between the maximum in the Siberian
magnetic field and special features of the geologlcal strusture of

this district is worthy of serious attentions Convincing proef of

the supposed connection between not only local and regional, but
continental anomaliss, with the solid ¢rust of the earth would

introducs important new slements into the general science of geomagnetism
and would provide the basis for reexamination of such questions as

the reason for the difference betwsen the magnetic and the gecgraphical

pOlGSo

The inadequate degrae of study given to the magnetic field
in areas of continental anomalies, the Siberian included, makes it
impossible as yet to provide a convincing basis for the above
hypotheeis. Aerial magnetic surveying with simultaneous study of
the physical properties of the rocks and the character of their
magnetization would be of decisive importance in the study of these

fields,

Certain remarks are in order as to the classificati¢n ef
anomalies as regional and loeél. kThis clasaii‘iéation i; entirsly
appropriate in a study cf fields terrestrial or continental in
scope, where the smalleir fields appear in
by the scale. However, when a magnetie fisld 1s studied with
prospecting as the object, regional anomalies take on entirely new
contours on the basis of large scale maps and reveal themselves
to consist of number of larger and smaller. n_nomalieg- In toto
they reflect the special regional features of the magnetic field,
but no single anomaly taken inedvidually may actuslly be termed

reglonal in the sense that that word is understood by geologists.

.
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Sometimes geophysical prospectors apply the term "regional anomaly™
to anomalies over larme massifs of magnetic rocks; which cannot be

termed regions in geologlcal terminology.

The terminology employed in prospecting geophysics must be
brought into agreement with that of geology, so that in magnetic
prospecting practice it is proper to speak of regional peculiarities
in magnetic fields or of regional anomalies, the latter being
taken to msan the totality of the various changes in a magnetic
field which correspond to a particular geological region. As far
as the identification of individual anomalies is concerned, only
those determinations are of value which testify to the geological
nature of the anomaly, as where it is a function of igneons rocks
large: or small in quantity, or of metamorphic layers, contact

strata, products of tectonic destruction, etc.

From the viewpoint of ground-level surveys, the division
of anomalies into "deep" and "superficial® would have some practieal
value. However in aerial surveys classificatlon on this basis

cannot be used bacause of the changing value of the major index.

Below we shall refrain from use of the terms Wlocal® and
"pegional® ancmalies in examining the results of aerial magnetic
S T 2o den Al nd Adue

surveys, although in indivi

of a magnetic field will be discussed.

At present there is no longer any doubt that magnetic

anomalies (other than continental) are ealled forth by nonuniformities

in the geological structure of the uppsr portion of the earth's soiid
crust. Experimental data obtained from study of the intensity of
maggxotisatio_n of mineral rocks and ores confirm the identi;'y between
observed and theoretical anomalies, caloulated mxalfbic&lly on the

-9 -
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basis of data as to the geological structure of particular areas
and the intensity of magnetization of rocks constituting the area
under study.

Certain ingtances of disagreement between the values
practically arrived at and those theoretically caloulated testify
not to any doubt as to the general view of the causes of anomalies

bubt to the inadequacy of the methods of cqmpariaon adopted.

Much statistical material has been accumulated on the
susceptibility of mineral rocks and ores to megnetication. It has
beeni established on the basis of this data that only materials
containing ferromagnetic mineralé, - magnetite, titancmagnetite,
hematite, and pyrrhotite~; are capable of intensive magnetisation. ‘
The presence of thess minerals is always accompanied by an elevated
capacity for magnetigabion in the earthis magnetic fields However
no guantitative dgpendmce of the magnetic susceptibility of rocks
upon the relative content of ferromagnetic minerals in these rocks

has been demonstrated.

Moreover investigation of various rocks containing much
magnetite has demonstrated that the relative m.a_gne’tite‘ content is
not the sole factor determining the degree of susceptibility to
magnetization. There are other factors whose effect upon degree
of magnetization is so great that rocks with a greater relative
content of magnetite may be magnetized to a simiﬂcantlé leseer
degree than rocks with a leaser magnetite content, This is
apparently related to whether the ferromagnetic minei'a.ls are present
in the givpn rock as inclusions or as a cementing medium. However

there apparently are also other factors, not yst determined, which

significantly affect the degree of magnetic susceptibility of rocks

-10 -
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containing ferromagnetic minerals, as the degree of magnetization
of one and the same rock, measured by various epscimens, "vartes
within considerably wider bounderiss than the relative content of

ferromagnetic minerals.

Sti1l less study has been given to the question of residual
magnetization of rocks, which in many cases exercises a declsive
effect on the intensity of magnetic anomalies, Residual magnetization
sometimes attains magnitudes exceeding the contemporary magnetic
field 10 fold or moré, while the magnitude and direction of the
vector or residusl magnetigation varies widely from specimen to

specimen of the identical rock.

Residual magnetigation of rocks is widespread in nature. .
Adequate evidence has been found to support the hypothesis that
rocks subjected to high temperatures have passed, in cooling,
through the Curie point at which magnetic susceptibility in a weak
earth field was considerably higher than that which this rock
demonstrates at relatively low tempsrature. If the rock possesses
coercive force (and research has shown this property to be possessed
by mineral rock to a high degree), residual mgnetizatio:; will
develop and be pressrved. The uneven cooling of rocks from paint
to point within the mass may be explained by the observed fact of
marked changes in the vector of residual magnetigation in various
specimens of the same rock.

In addition to the minerals listed, many other roek#t{oming

minerals possess maghetic susceptibility to a degree that rocks
formed e.?i‘;h theiy participation are capablg of creating magnetic
anomalies fully capabls of measurement. Minerals in this category
include hombiende, biotite, serpentine, sto. -The few studies that '

-11 =
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have been made of the magnetic susceptibility of minerals testify

to marked fluctuations in tho susceptidility of one and the same
mineral. For serpstine, to;' example, the follouirin; data have

been adduced: 10; 2503 1,300 x 10'6. The question as to the presence
or absgence of residual msgnetization in rock-ferming minerals has
not been studied at all if we omit isolated data testifying to the
posaibly significant role thereof in ths.total intensity vector

(cf. Logachev, 1951). °

Among the most widely distributed minerals, quarts and
certain others not found as universally are practically nonmagnetic,
meaning that they are incapable of creating measurabls magnetiec a-
nemaliss.

The virtually nonmagnetic rocks include the majority of the
sedimentaries (limsstones, dolomites, marls, gypsum, rock salt),
many metamorphic roclks (quartzites, marble, most of the gneisses)
and certain igneous rocks (most of the granites and quarts porphyries).
As far as the remaining types of rock are concernsd, ws €an only
draw the general conclusion that in the sedimentary complex thers
ars differences among the clays and sandstones which set up distinctly
measurable anomalies (dependent upon admixtures present)e In the
metamorphic complex one may encounter varisties of hornstone and
shale with very high intensitiss of magnetization (that is, magne-
tite shales), while among the igneous rocks one enesunters a rangs
from the practically non-magnetic to othoré with a high magnetite
content with the very highest level of magnetic suseeptidility.
As far as the igneous rocks are concerned, it is m %0 say that
the most highly magnetized are the basic and ultrabasie rocks (bhalts.
peridotites, and serpentines). -
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The relationship betwaen the intensity of maghetiaat}on of
mineral rocks and their composition, structurs, and geological history
governs ths broad rangs of variation in ‘their intensitics and conse-
quenﬁy the special features of magnetic anomalies discovered on the | ;; T
ground or from the aire This expands the possibilities inherent B
in magnetic surveying when used for geological mapping and prospecting n 4

for minerais.

"On the other hand the complex relationship between the -3 :
intenaity of rock magnetization and various other ficiors to which -
very littls study has bsen given gives rise to doudbt zs to the .
pessibility of deriving éeqbgie:a.l conclusions frem anomalows T
magnotis flelds, Thie is particularly true when the data of magnetis ' —
surveys are studied in isolation from the concrete geologisal
snvironasnt and the work is baaeci solely on statistical data o3 the o
magnetis properties of specific categories of rockse -

The spatial distribution and intensity of ancmalous magnetis
fislde dus to mineral rocks have been studied ova.r large areas and
for varidus rock eoup‘lo;ua, both on large and small ;ealc. The
experience accumulated m‘aagnotic.sm‘ve’y and the geologisal data
on the territories under-investigation have established relaticnships
between ﬁ@otic fioidu_and geological structure which may be

-~ .. el it ol o & S SR
tiens. The accumilalsd sxperisnce in:

smployad in future inve
magnetic survey and the data obtained by other msthods of geophysics,
the use of conclusions from tiwe theory of the magnetic field of ,
magnetiged todies and experimental data on the intensities of rocks
‘in tha area under study, caleulation of the components of the stra~
tification and intensity of magnetigation, and analysis of t.ho
geologieal data taken together provide an idea as to the geological
“strusturs of the torrieorfmdo_r study, subsequently rendered more

«l3 =

z
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precigse sither by means of other methods of geophysics or by

axoavations

Aerial magnetic surveys are now employed to search for
deposits of highly magnetic ixon cres, for geological charting in
connection with gas and oil pospesting, and to sesk nonferrous
metals that may be encountered in fault scnes, contact sonee between
basie and wlirabasis massifs, and in geological research undsrtaken
in conjunstion with major hydrologloal sngincering projectse
Experience hus shown that maps of the magnetic field ocaplied on
the data of aevlal magnetic survey provide valusble data for giving -
prasicion $5 gsalogical maps on the same scale and consequently for
sore confidemt deslation of areas offering hopes of finding partisular
rosoures sinersles Doubtless the further perfestion of the msthods
of geologieal interpretation of the anomalous magnetie field will
expand the soope of the problams to be resolved by aans of asrlal
magnetic survey.

T Magiet alds and The.

In practical aerial magnetic surveying 2 types ef instrwments
are in o8t general use, the 2 aeromagnetomster, whish performs
continuous measurement of the vertical compoment of the geomagnetic
£101d, and the T asromagnetomster, which performs ecntinuous msasure-
asnt of changes in ths magnitude of the complete T vector irrespective
of change in direction.

Magnetlc surveys made at ths earth's surface are usually
1limited to measurement of Za and, more rarely, Ha (or' AH)e
Therelore the methods of mathematical analysis of fields have been
developad primarily in terms of the Za fislde It is natural that

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



Sanitized Copy Ap rove for Release 2010/09/01 : CIA-RDP81-01043R0009001 00005-2 B

when the first asrial magnetometers were designed effort was concen-
trated on developing an instrument which would facilitate the fullest
utilimation of the theory and the rich experienscs developed in terms
of work done on the ground. However it did not prove possible to
create & high précision Z aeromagnetometer because in order for the
7 field to be measured to adequate aceuracy the measuring element
had te be levelled to an inereasaed degree of perfection while this

was not the case in measuring AT.

Consequently in measuring inerease in the total vector or
its component the measuring element must be orisnted to the vector
in some specific fashion. For example if permalloy rods are used,
they must be oriented in the direction of the vector being measured.
When the total T vector is measured the error in seiting the rod
at an angle, O, results in a reduction in the acting foree by the
mognitude T-T cos @ = T(l-cos Q) = T2 sinzg. If we assume that
Te= 50,000Y; and Q= l°, the ervor of measurament will be sbout
87y » We will obtain another result if we msasure 2 and orient the
measuring element by the direction of Z vector. If the measuring
elemsmt shows an inelination of Q, the force of Z will change,
and an additional force, H sin @ will appsar, so that the effactive
force will be Z cos @ + H sin @ . The lest term is so large that
the change, Z(1~cos @ ), oocurring in Z may be ignored. Assuming

H = 15,000 ¥, ws obtain an ¢rpor of measurement of the

Thus if the condition be set that the error in measurement
due to deviation in the measuring element from the given direstion
in both instrumsnts not exceed, for axampls, 2 ) in eit.iher direction;
the instrument for measuring A T must hold its orientation to an
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accuracy ot 15' ‘in eitheridirsction, und the instrument for méaéuf}ng
. - "A'..
Za must hold its orientubion to un nccuracy of 07.5. This meanéighaﬁ
the measufinﬁ corponent, must meet rogquirements 30 times as rigid in
the vertical position th.n in mzusurement of Ar. The difficulties
encountered in assuring this lavel of accuracy when a measuring
element for Z is mounted in 4 moving mtrﬂéuft has required that

measurement -of 7 be dispensed with in favor of measurement of Z&T-

In this connection the question presented itself as to the
development of" a théory with the nid of which it would be possible
to uss the measurad values of AT to calculate the depth, dimensions,
shapes, and position in space of magnetized bodies in{a mannar
analogous to that done with regard to ths Z field. However a study
of this question ied(to the conclusion Lhat no special theory for
the AT field was needed, as the results of measurements taken'fromhk
aircraft proved in almost every instance to b; capable of being
handled completely under thz theory developed for the Za field in

.

indirect magnetization.

The value of AT was determined as follows:

AT=VZ, 4 2y + (T, + Hyp— T,=

=V T1+2ZZ,+2HH, cos A+ T2—T, =

~T, /l+2(%sini--}-ﬂr‘:;cosicos/l)—f—_-;:—)z—li, @n

in which t is the angle of inclinabion §f the T vector; A is the
'magnstic_azimutﬁ-of ﬁhe Ha vector; while the other Symbols ars'tha'
standard designations‘?or normsl and anomalous componants of the
geomagnetic field;kund T is the total vactor, 2 islthe vertical,

and H the horizontal componsant of the aeomwgnetic fisld.  The subécript

=Y

"o indicates that a normal component is involved and "a an anomalous
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one ia involved.

When Bhe valne of Ta is smaidl tha sgecond term under the
radical is of a magnitude considerably smellor than unity, while

thz third is a sscond-order smill numb2r.  Ignoring the latter and

< applying the formuls for analvsis of binomial to the rest, we obtain

\

AT=2Z,sini+ H,cosicosA.

If the small Learms o tha: s2cond order ba taken into account,

analysls of the binomial gives us:

AT3=AT1+‘%‘7|D—(73'_'A‘F€)! (23)

in‘which Z'l—‘l r-—zerésr.‘:nts a first _1r‘>pro:{im:1ti.on for“equation (2.2).
Where small anomalies are concerned, consideration of
mémbers consisting of sscond-order small numbers does not affect
thc; value of AT, calculated by equation (2.2). Actually, if the
anemaly at the givsn point T, < 1000 Y then when 'J.‘0 = 0.5e the
correction will bs less than 107, as L‘\T1_2 is always a positive

number.

The differential 'I‘a"’!-AT.lz, upon which the magnitude of the
correction is dependent, is expressed in its general form by the -

equation:

T2 —AT}=Z2cos*i+ H3(1 — cos®icos® A) -~ Z,H,sin 2i cos A.

Given the shape and area of the body, one may calculate
the value of the correction and be confident that employment of
squation (2.2) is permissible within wide limits in which the
changes in AT are expr‘éssed in thousand§ of gammas. In aerial
surveying ‘a.n anomaly approximating O.le in intensity is a rare
exception, so that the approximated formula (2.2) is applicable for

'all practical purposes to virtually all results of aerial survey by

¢
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the T neromagnatomator.

Thz relabtive value of bhe correchion,
taken individually appears as follows
1 T2—ar

P=r a5,

As Ali may take on values of infini v small éize,

determination in relativs numbsrs of the corrascbive tarm in the

ordinate of the curve ia meuningless.

Equation (: 1) may also b2 presented in another forh:
A=)/ TP 2T,T, COsBTE--T,

in which L} is the angls bolween T,oand T
) i

Applying to this expression bhe same analytic equation, and-
restricting ourselves to terms comprising small numbers of the

first order, we obtain _
AT=T,cosB, (2,4)

that is, to a first approximation AT eguals a projzction of Ta in

i
the direction of ths total vactor for the normal field, T,.

Expressions (2.4) and (2.2) are determined by ona and

same’ geometric magnitude, as may be s2en in Figure 1.

Figure 2 shows the change AT ovar 1 vertical

ne2

case b ALY L SLA0 LY S AZIMULA

of the stratum in correspondencs with formula (2.2).

Tt i s22 that cquation (2.2) is identical in appearance s

with the expression dstormining Za ovsr 4 body with inclined magna-

tization and is distinguished tharefrom by a conzhtant Factor which

is nearly nnity, and is =2 = sin i, where I is thes total vector of:

I, compenant along axis gz,

and i 15 thz anelas of ineciincbion.
’ I3
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‘Let ‘ug demonstrate Lhis for a 2-dimensional situabien, that
:Ls, where the body extends into the infinite distance. We determine
the directlon by means of the magnetic mlmur,h, A, In this insfance

the vector‘s Ha will ba dlracbed along azimuths A, ~differing from A!

O

by 907, 2787 s follow the direction of the body. The com=

ponants of the total vector of 1ntens¢ty of magnetizitien, IO’ will be:
fy=1l,cosisinA’ =], coucosA L=, sini.-

Now let us write the values for H'a and Z'a in oblique

magnetization, expressed by the p()tu’ltldl of g’t wlty in according

with Poisson's theorem: - &‘-.""'

02 V
“0x0z- 1

. . Y
Z =1, cosicos A u; + 1, sin i 5 o -

H, = .,costcosA—~+I sini ———

With direct magnetization, when I = 0, we obtain
T N
L Hy=1sini ge s Za=

from which we'derive
92 H,

0x0z " Igsini )

Writing these values into expressions Ha' and Za', and

bearing in mind that for a 2-dimensional problem

we obtain

H.sini=—Z cosicos A+ H,sin i
Zysini=2, ini+ H, cosicos A.
Comparing expressions (2.2) and (2.5) we find that AT is

expressed analytically in the same manner as Za in oblique magnetization.

Establishment of this fact relieves us of the necessity to
develop a special theory for the field of AT and permits utilizétion
of the theory developed for the Z field in oblique magnetization,

corresponding to the direction of the magnetizing terrestrial fields |
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Limits to the foregoing eppear only in cases in which the
intensity of the anomaly, AT,.is expressed in many thousands of
gammes, approximating tenths of an ocersteds In this case equation
(242) becomes a rough approximaticn. Correspondingly the elements
of stratification of magnetized bodies may alsc be taken as merely
an approximation. The relationship between field AT and Za
expressed by equation (2.5) may also be accepted as an approximation

where triaxial bodies are concernsd.

By way of confirming the applicability to the AT field
of the known methods of employing the Za field to calculate elements
of stratification, it is in place to recall that in the practice of
magnetic survey, when calculating elements of stratification in the
measured field Za, we almost always make the assumption that bodies
ersating anomalies are magnetized vertically, while in reality
vertical magnetization is a special and rather rare case. On the
same basis this assumption may be employed in practice when using
the AT field.

However the current theory developed to calculate the
alements of stratification of magnetized bodies by the measured
rield (and by the AT field) makes it possible in certain cases
to allow for oblique magnetizatlion and te increase the accuracy of
the: solutions accordingly. Consequently in geological interpreta-
tion of magnetic anomalies, whatever the component by which the latter
are represented, it is necegsary to allow for the inclined position
of the vector of the magnetizing field and to render the decisions
arrived at mors prescise if the influence of oblique magnetigaticn
is significant.

The established connection between fisld AT and fisld Za,
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. which holds satisfactorily for virtually all the results of aerial
magnetie survey by means of the T aeromagnetomster; permits us to

| prosesd balow to set forth the thooretical portion of the prasent

handbook relative to the Za field without having t6 spesify in sach

case that the conclusions aré equally applicable to the AT field.

. In magnetic m‘wmchombﬂmmmmtﬂa
1o somstimes measured only during work above grownd, while in calou-
lating the depth and dimensions of magnetised bodies it is useful
in soms cases to be familiar not only with the Z or AT fisld but
' with the distribution of the horisontal compenents

The question of the calewlation of H in accordance with a
given distribution of the 2 fisld over a plane was dealt with in
detail by I. N Pudoviin (1950)s His work presents a tabular form
of ealculating K for a 2-dimsnsicnal problems Here we offer a
simpler derivation of the analytical expression of H through a
given value of the Zor AT thldand a nomographic method of calou=
lating H both for 2-dimensional and 3~dimensional problemss The
method of calsulation proposed requires very little work compared:
to the tabular methode '

The derivation of the formilas is based en the hypothesis
that the Z fieid given for a certain surface area is created not by
bodies actually dn existence but by fictitious magnetic masees dis-
-tributed over this surfacs in acocordance with a variable density Oy,

.. e imow that the Z field over a Ragustised body ocoupying
. '-.mwmoumudbim:aﬁaaz-zwimmm ois

A=
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‘a !riag,nitude‘ cuflvl(:d‘ the "surface densiby oft wymietisme™ ‘In pr;cpice
this formula holds 1 the angle of visibility of the sur!.‘:ice,,of"t.ha.f
body {rom the obgsrvation point in any vertical section ia We '
If the point of obgervation lies on a suﬁ':ma‘céincidi,ngﬂﬁh ‘the
suriace ;»i; distrivution ¢f L!or? nryeot e magoeg, tils condition 1s

tulfillede . Consequantly en tha busis of the hypothesis that ab each
, ; i .

.

indizidual pefnl ot the surface of measurement the mu.gnji tude of 2

13 a function of the nrezence of mymoebic massss with 4 surface
£

denaity of 0’1, 1t follows thal

.
Thus we roplace the body actually existing and cousing the
anomaly by the zssumotion of o variable mamebic density oy at the

surface of measurcment,” det<mined at each point by the equation

indicated abova.

Let us begin by examining the 2=dimensional problem, that

13, an instanea 4n which the distribution of the Z field is given

along ths x axisy She direction of which fs normil to the leng axis
-

of a highly alongated boty.

Employing the lamiliar expression for the horiznnt.al component

over the poie junction

H ~2’.—‘—"‘ T

we write the oxpression dil from the slament dx with the fietitlous
surface of density o -;-;-'—, with a1} ewance for the fact that h = 0,

as the vilu2 48 is caleulate :‘,,p'o_p:g‘:‘s ?1?{?‘13__’“"" x aﬁci‘s:
dHem = dx . @i

Tx—x) : .

liere X represents the abscissa of element dx, while x® repre=

v

sents the abscissa of point P, at which dH is calculatedes’

The full value of H, based on all the rictitious magnatic
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maasses on the x :ixiz, will be

HP= L ;Eds (3.2)

¢

For convenioncs of ealeulation leb us shift tha starting
poirt of the coordinites Lo point P at which H(P) is calculated, or

cin other words lob us assume that x' = 0. Then we obbain
: 12 :
! H(P)".';j sdx. ¢ (3.3)
O .-- . o u e
de rind %he fntepra) in the following manner:
[ 1 -85 o
1 2 g ! F4 Z . .
H(P)e-.-j -;dx{-;!f 2 dx+ f;dﬁ]. (G4
) =88 ~a ax

Deariag {h mind the fact that
“Z . z
2, Z(x)—Z(—Ax
T d.t-~.—»——~———‘Ur ) Ax,

and that
2(8x)— Z(— Ax)=AZ(P),

or in other words the increase in field Z between - Ax and Ax, we

obtainsg ' o o
Hn=Zaz@) L[ Lax+ | Zax. @9

Let u3 nota that

: Sae “ x
< = In < (3,6)

g .

Now let us mark off segments equivalent to Ax on axis x,
to the right and left of the origin o"f the co'ordinates, Ax being an
arbitrarlly ehosen unit. Now let us plot off in both directions from
the orisin of the coo;dinates, points at a distance x_, of such a
nature that axpression (3.6) is represented by a constant, termed c.
In eagh. interval between % and Xp.q, let us take for the true value
of 2 its averags valus, equal to Z;+ Then, instead of expression-

(3.5), we will have:

H(P)—%AZ(P)-{-;‘[-—BZ_,—}-EZ“.‘ :" @7

.- Here the signs of the subscript i'signify that the first total

R
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includes all the valuss of 4y bo the 1=t of point P uﬁd tha second

. all the values to the right of that point. s

% r . S

"

Now let us take the value of ¢ to be such that the coefficient

before 3 will be, for axampls, 0.1, so that ¢ = 0.1 T = 0.314.

X =eo.:u4= 1,368 -
'—“——xm T » ’ .

.Thus we obtain

or in other words the.distances %4 tnerease.in geow-bric progression,
the denominator being q = 1.363. Conszquently the distances will
- A

“Tbe 1, 1437, 1.87, 2,56, 3.51, 4.80, 6.57, £.99, 12.3, 16.8, 23.0, etc. R

We use translucent

e

sper to plol our scale. We select our
initial distance Ax = 1 in terms of th= scale of the Z curves.on !
which we will calculate the H curves. Thus we may plot a scale in ' : -

which Ax = #+ 2.5 mm - Ax = 5 mu (Figure 3). All other points ! -

- are determined by distance incrsasing in peometric progression.

To determine AZ and the average values of Zis a horizontal .
grid is plotted on ths same transparent papsr in accordance with the . =

scale and amplitude of the % curves employed.

In the calculations attention must be given to the signs of
the magnitudes eﬁtering into equition (3;7)},E§‘it noted that the
value 6f ¢ is negative .as w2 procaeed leftwara7ﬁ?€h the starting
poihﬁ of the scale and positive as w2 move,to the risht. Therefore

bthe first sum in equation (3.7) is shdﬁn*iithba minus sign due to ' : S
the fact that ¢ is outside the bracksts. 'The sign of Az is deter-
mined by algebféic subtraction Z(+ Ax)~Z(= Ax). The sign of each separate

value of Zi corrasponds te thz sign of the average ordinate of the

curve on the drawing. ~ Il ths given curvs Z does not enter into the

LU normal fisld, it is sxbtrapolated graphically to ths valus Z = O,

The accuracy Lo which ths i curve is'calculatad on the data
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of thv Z curve dnpendq upon ‘the 1nLPIleo of lpproximatod 1nfq5pa—
"t Fhﬂ smallcr thﬂ ‘value of Ax, the grnlter the accuracy of
the curve calrulatad.‘ The accuracy of tha dPFJVJLJOH 15 limitad

only by the error in tha 1n1t1a1 data on the distribution of the

Z field.

Let us clarify the adoption of this hethod in practice.
Figure L shows the Z curve as it runs normal to the long axié of
‘the anomaly as determined by surveys via a number of courses. In
order to calculate H at point P we plot the grid so thatvthevcentral‘.
line passes through ﬁoint P and ﬁhe horizontal lines are parallel
to the zero point of the graph. Now we entar the values for AZ
and the mean values for Z; in the intervals of the grid. On the
original (the scale of the drawing has been reduced for surposes of
reproduction herein) AZ(P) = 14 mm. Correspondingly the Z2; values
at the intervals on ths grld to the right of poin£ P are respectively
15+18+23+29+32427+18+17+5-1-1 = 182, In the intervals tokthe left
of point P we obtain accordingly —2~}-A~A—3.5—2.5—1.5—0;5+O = ~21.
The latter sum is sustracted algsbraically from the first, so that

we obtain as a rnsul‘

H(P) =114 +Ol(182+2l) ;248 M.

‘A 3-dimensional problem undergoes” solution in analogous
fashion. Let us assume that the problem is to caléulate H at poiﬁt‘
P on-a plane whére the value of Z is known at any given point. In
t@is case we may assume an.imaginary magnetic dehsity o= gj;ét an -

‘ arbitrarily chosen element ds, where the vertical component @5 Z.
The horizontal component. H, created by a unipolar anomaly, is

expressed by the familiar formula:
_:_ _mx_
(w4 o)’

P S
In the given instance A=0, m-—=%t ds, ds=rdrdd, Let
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desianata Lhe horizont ) componan b From slamons, s by tha symbol
dile Writing in the valoes indicated abovy, we nmerge with

dH=7 s do.

5 !

Let us brask dll dnto ita compenents along the axes of a
ractangular systen of coordin-ibes in which x laces northward, and
y to the easl.

Thus we onbain: *

dH, —-———cosfld9

2% r

dH, _»—-—~sm0dﬂ

2= 5

Leb us divide thy enbira arey dnto spicos off coqual effect,

within which we shall consider the o viliues Lo be consbant and

2qual to ¢ avaragsr valuz of 7. Poroasel spiace.  For example let
. i

13 present:
z .’m+l LS|

M = Jf cos 08 = 0,012,

¢ r :

'm g

n

Integrating, ws find
AH, _ﬁ—]n _’"“ (sin8,,, —sin6,)=0,01Z,.

Assuming the difference in sines to be a constant, for example:

sin 6’!+! —-sin en = 0:21

we find

from which we got

Let us plot our graph as follows. In accordance with the

given values of § we draw vector radii from the x axis and at g angle,

which is equivalent successively to 0; -1197; 23°6; 36°9; 53°2; 90°,0;

126°8; 14351; 156°4; 168°3; 180° , atce (In 2 of the quarters of the
circle tha vactor radii ara continuations of the vector radii drawn :

in the [irst 2). How we draw circles of radii rp, equivalent to 1,
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-]

H

{

"1.37, 1.87, ete, in geometric progression, the denominator q being

1.368 (Figure 5).

It is clear that each space, limited by the 2 neighboping

arcs and radii, will represent the elementary expression A}&:- 0.0lZl.

It remains for us to caleulate the elementary value of
AFVX from the imaginary magnatic mass distributed within a circle

the radius of which is r = 1, or’
. 1 re=1 2x
ar
AH:’=§;‘!' Z—;’-‘f cosBd0,
0 0

¢

accordance with the prior derivation,

=]

f z79 Az
r
8

that is, the increment iﬁ'z in the interval from the center of the
grid to the circle. In practice it is more convenient to
"derive the magnitude of increment from the drawing of the anomaly,
employing the full diameter. In view of the lact that the entire

area has been broken down into sectors we, may writes

AH,!=22807-0,032842,

in which ZAZ represents the sum of the increments in all sectors.

The grid we have thus prepared is made use of as follows.
- On the chart éhowing the Z field as isolines, or the numerical valuves
at determinate points, we note the points at which ths value of H
is to be calculated. The grid plotted on transparent paper is placed
over the chart in such faShion‘as to cause its center to correspond.
with the point for which it is desired to calculate H, while the x
axis is set‘along a given coordinate axis, such as the astronomic
meridian. - For each space formed by the intersection of radii and
circles we determine the average value of Z; with its sign. Then
wsfcalculate the total Z; sum,'obéerving.the condition that éll the

values in the.2 uppsr quarters of the circle be given signs dpposite,«u

-27 =
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to those for the gquarters whose radii v badn axtended into ﬁhem.

The AZ increment is determinad, with ils cor sn"pondlnp 51'ns, along
10 diamebers of a circle with radiug r= -1, in 11roctlon coﬁrasponu-
ing to the position of bh= bigectrig of each angla. Phn dlrectlon
from the lower to the uppar quarﬁers of the circle i; taken as the
. positive dirsction of the bissctrix. Thus we obtain:
H,=0032542 100152,

In order to calculate Hy ihe grid is rotated 9o° clockwise
on its center, wheraupon SAZ and ESZ. are calculated; empléying
the signs shown on the grid. Wheh +h15‘“!gOPSS of rotation is
eﬁployed the sipné of the 2 right hund quj;uors of the circle ar
retained in pcrformlnp the udilt1nqﬁ1nd those in thz 2 left hand
quarters are reversed. In determining the sign of the gradiént
along each diameter the positive direction is taken to be that
from the left to the right quarters of the circle. The rull H

vectors are plotted on the values of Hx and P& 238 derived.

In practical calculation considerable simplification is
psrmissible in the calculations. Thus in areas of rather wriform
fields it is permissible to d- termine the average value of Z not
for each space udken separatzly but for a group thereof. In this
connection we must not forgst thd* the Z value found in this manner
must be. inereasad by a factor equal to thas number of spaces féund

in. the given group.

Let us illuétrate ths procedurs ‘or cxleulation by an
éxample. In Figure 6 the Z fisld is shown by isolines drawn at
intervals of 25 Y. ‘In order to cilculqte I 1t point P let us plot
our grid in such fashion t
th° X axis corresponds to th= direction of the asironomical meridium.

Let us start by caleulating S AL, Procesding by sictors from left

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



7 Sanitized Copy Approved for Release 2010/09/1 : CIA-RDP81-0143R000900100002
2 1

g e

. to right begmni ng with the horl?onhxl line, the approximate increass’s *

in Az w111 be ——5+0+5+10—‘—20+20+25+3OT 30+20-—l:)5 > Y,

from which we find the Pirst temm o bo ! 0,032.155~5 ¢ .,

W
Let us calculate the second terms  Within each ring we may

for each point but we may also take s group

of spaces with identical averags values.

the first ring we obtain within the 2 upper quartars of

the circle from left to right 50+3-604-6-70 =65 while in the 2
lower quarters we obtain 3.5047.40 =430 50 that the first ring.

as a whole gives us  650--430 == 290,

In the second ring w2 have 3.504+3-704-3-85 -+ 70 350
L 7.40 =955,

In the third ring 354-3.50 + 2. 90+ 85+ 110490 4
+65--3:40 —7.35 = 350.

In the fourth ring 2. 30+3 30+470- F7o+120+
F125470—4.30 —6. 25 =400.

In the fifth ring 3'_0+3‘25+40~{—70+120+60»;
~2-30--8.i5 =185, :

In the sixth ring —95..4.30— 951 04 40470+
0 --2720-18. {0 = —140.

In the seventh ring - 30

In the eighth ring _§ ‘]0"4'_‘,(,_25 — 75

The second term is 0,01 7,~

After the grid has beew turned- 9O let us calculate hy
t.}he same fashion. It proves to ba ?5)/ Let us enter at point P

the components hx Vand H_on which the H vector may now be plotted.
7

¥
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he Changes in the Inbensity of Lho ‘iscomymiabic Pield with Incrsase

inAltitude o the Plans of Ohsarvabion

e inbensity of the coomamistic Cinld 4t each ,':;r,-o;;r.rmhic
point is. the geomelric sum of mumebie foress from various sources,

e

the vactor of hagmop: 5 mamstization of the niobe, the vector of

.

soeCallad “'com.i,:wm;a.'l'"':'hux 1t " oand the vectors of anomalieg,
tho sources of which Sre m:z;_gu:?,'iz'::! v'-;-L:ks and orase In erder to
de‘t.fzrmin;a the c"z in the J'.!}?,nnsi.‘/.y of t}we reomagnetic field s_r\
ralation to the haight ¢ the observation point, i‘L is necessaf}/
Lo =xamine the alTsct of change in atbtitoude upon the field of each

source taken individually.

The vertical pgradient of the =arth's 21d of wniform

t
.

matgﬁetization may b4 calculabad rom the fnndamental eguations
determining ':.llle intansity of .Lhc Fiedld on a sp!‘warical surface of -
r radius, m thas conter of which onw finds a magnst of infinitesmal
size, the magnatic moment of which is M. o know thaf the intensity
of the Hr field in the direction of the vector radius r, connecting

a given point P with th2 canter of the mapnat, and the intensity of

rfield He in a dirsetion normal to H. ars expressad by the formulas:

H,=2cos8; Hym 2 sins, .5
in which Q is the :inglz betwasn Lha s ‘

gation of point P to the mapnetic latitude).

In ﬁh:: standard designations of thsz elements of the pcomag-
netic fi=ld, H.=Z, H <H.

From éqnatinn (f..l) 73 obtadn
0z M
F=-3Ucont, Fm3 Xy,

The magnitude of thg vartical gradia - in the various
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No axperimantal detsmination of Khs vortieal gradiant of

the field of unriform maumstizetion his booen mades

Thara is no data whatever on the vartical gradient of continental )

anomalizge It 33 impossible to derive thom Yheorot ieadly” by means

of ths umlﬁdc al axpres e.lun, as the cawaes for the appsirince o.f : =

thase amomaltesx hiyva N0t beme diseovarod. Sialeulation on the basis
of laPlace?s cquiion ,
. oz . ‘
(55 «2 . :

" 'is impossible becaust co-utvwn(.ﬂ momalies have not bean studied

sufficiently.
e

Yhan mineral srospicting onploys mymetic survey ab the
earth's sueface or trom the wir on .'m.‘f scile the fislds of uniform
magni fiecation :m‘d continsntal anomalies are excluded so that the
; ' result will show only tha [ield cr2ated by geological features. . )

In aerial surveying, earricd oufo lxpprbz_im.v.tely at the s;_\me lavel ¢
. .from the earth's surface, the verticsl fi=ld gradient T «7. does not
. affect determination cl: thr wnomilous mapnatic field. When high
& accuracy maasurcments are made qb diffarant altitudes from ths earth's
surface hundreds of maters apart duta on ths vertical gradient of
the T°0T1 fiald may prove essential for purposas of propsr ¢:leulijeme
zion.or magiotie wnomalies arising du» to the lack of uniformity

in geolegical structurs.

zr v . “Th= lack of F‘Xp‘r‘l'ﬁ"lt l data on this r_natf.er Tor the territory:

of the USSR and the experiercs acquirad

in 2liminating the ef'fect
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of the vertic:l Mold meadiont T4T on bhe resalts of meoisurements

ot magnzbic anomaliza ab varions .lﬁ}hwdw" Wi i uecossary to guide
onrs&lvés by Lh2or:ticil caleulabions of Lhe ﬂ\ fi=ld gradiznt for
tho given loculiby in accordinse wikn the formmlas addpced above
derived rom agquation (hel) wid where Lhe Bast 3iborian continental

anomaly is concernzd Mrom zguabion (i.2) applied to o hematic map

of that anomaly.

Whers asromagnstic prospecting iz usad the mabter of graatest

interest is invastisition of chang cccurring with changing altitude

in the distribution and intznsity of anomalous mametic fields as
a result of inhomogenc~iting in groloric siructure, bhat is, in ose
anomalies which ars desienabed as To and F5 in the general formula

for the geomagnetic finld.

Fal

The analyticl expression for tha intensity of the magnatic
field changes with change in the shap: of th2 miemetized body, as
is avident for instunce from ~xamination of the anaslytical expressions
for curves Z,and H over such bodizs as a ball, vertical and horizontal
cylinders, stc. As a result the n=cessity arises to examine the
questién as to the vertical gradient of the intensity of fields over

bodies of various forms, with limitution solely to bodies of the

The vertical componant of thes magnztic {isld of a ball that
has undergone vertical magnebization upon a line passing through the

spicenter of ths ball is oxpressad by th2 2justion
; Mew—x
z (A2 + x])'ll ’ ' (4'3)

in which M is the maenstic momant of tha ball and k is ths ¢

from its center to the plme of measurament., I

thz varticnl pradiant 2 is detzrmined ab iny siven point x 1
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ajquation
0z _ A Bx: — 2m)
oh - '(!,? Y

(4,4)

trom Lh: coustion @x2—9h2==0 > find x i . I'rom the
Jattaer eqtation and equkion (h.&) w2 see bhaboas albitude increases
the 2 componant in ths contral portion, deborain:d b the distance

+0.8h from the sbarbing points of b coordinabes, declines, while

'

it increases Beyond thz Limits of bthe siven value for x« The Z
w2 proportion to the disbance h raisad to
the third power.
The magnetic f9eld of 4 body of vertical course may be

treated in th=2 same Fashion as that of a bar magnet, in which the

20,

distance between poles is 2 1. We know that the ficld of such a

magnet takes on the - following appearince in the diraction of the

axis of magnification

:3sert that in a horizontal
plans, the distance of which from th=» center of the objsct under
study is 3 t;mes as great as tha varbical dimensions of the body,
the magnetic field of th2 lattesr may bz taken to coincide with that
of the ball. We know that this fact is employed widely in calculating
21

the magnetic field of a bar magnet on the formula H = —E‘, 2lthough

“this formula is valid for an infinitesmal masnet or a ball.

Thus the magnetic field of a body the linear dimensions of
which are similar on all 3 axes, cﬂanges above the aarth's surface
in approximately thz same fashion as does the fie;d of a ball.

The field of a body heavily elongated in, the vertical changas in

accordance with the sams law, beginninz at an altitude double or

treble the vertical dimensions of tha body.
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abilongth

narmal

h Trom ’thl cylinder,
Pize mine ) Lo oy ik of izngthy “and -
; .

rom th o« ¥ 12 of dbse t

. ~
ATION .

bion of the projaction

obaoervabion andg 2 ogxis
. 1

> a fiald alons

e Fol?owmm appaaranc

the verlical takes o

0Z _ AMh (3 — )
oh — T (% F xiy
From this

(4,9)

it follows Lhab in tha midportion, within the

variation x = +0.6h, the % corve dec s, but that outside
incraasas. :ﬂm:wc deelings in inverse proportion to

h ralsed to the second power '

It may re 1d11v be dm"nwabr-m 2 that the field of highly
blonmted bodies of

indi. f,mgu‘ st

LY

21liptical Mo’%bﬂ and vertical long axis will

ablze “from the fisld of a cylinder,

The field of a
length and dep

x b

vertlml qtm’rum 2b tm ck, of var'y grnat
uran}svers@

yiis -axprnssnd by the [ollow:mp formu.Ln for a line
Z 2l[arcig X+

-——~~—5rctg- =¥
whlch h’ is U‘lu diabd“lc" I‘*‘om

RO

th= uppar edge of‘ +hn.ld.ep osit
h plame of ohqr-r'vatlon md I is th= mtenslty of ma met.
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The vertiecal pradient 2, givan 2bKh, will be

0z h?— x2
Rty L

The ordinatoeg or curvae (4.8) dilfer from Lhose or (L-S) only
by a congtant factor. In thz interval x = h the value of g declines
with rising altitude while beyond this valus it increases. zmax de=

clines in inversge proportion to h to the first powar.

If the thickness of Lhe body 2b is commensurable with itg
height-h, then
24 [ x4 b x—b ]

on =~ Mo — RNt

(4.9

Expression (4.9) has a form identical with that of expression
Z over a horizontal thin layer of great extent, the horizontal
dimensions of which are 2b. A constant factor provides the only

differences between tham.

The similarity of ﬁhehcurves is rendily explained, A change
in altitude by Ah is 2quivalent to vertical displacement of the
body in the reverss dirzction. Tha preblem is to find the difference
in fields between the fields of tha given and the displaced bodies
or in other words to find the field or a body'constituting the
difference betwasen the given and displaced bodies. In the former

to bes small, the difference batween the 2 figures

will in cross-section be of small dimensions along the x axis, and
a small Ah along the z, We know that the fislq of such a body is
regarded as-the field of 2 horizontal cross hairs bstween polss or
the field of a cylinder, In the second casz; where 2b is large, the
" difference batiesn the 2 figures will take on the appearance of 4 thin
horizor tal Plate, the ri2ld of which is expressasd by formula (4.9),
on the condition thnt’the‘?ﬁctor ‘Ah b2 added to the right side bf

“th” equation .

05-2
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With aninerease in b Lhors da 0 ohioen 40 Lhe relabionship

bebween h and the verbic o dimensions of L.

ordy and the concepl

that tha bedy is "infinita in ibtg diaoe

oty depth no lonpar

holdse  The ponorad formui., 4y For bhe cuse of 1 body with reshan—

gular section, bokes on Lhe THSSNE FHTI)

x—0b 1o X 4
. arclg E—‘T

Z:?I[arc (g»x—%i~arc tg {—l;

+arctgZ Y], (4,10)

in .which d represents the cross clion of the body, along the vertical.

Analytical investigntion of aqualion (4.10) doss not result

in the establishment of relationships capable of being expressad
by simple formulas. If the valuzs of d and of 2b are of the same

order and thz value of n significantly exceods th near dimensions
of the cross-saction of tho body, the curve 7, corrgsponding with
expression (4.10), is virtually indistinguishable at high altitude
from the curve above

Figurgs 7 and: & sheu in the “orm of curves the change in 7

&

Max
with altitude above 3 horizont- i body, the gquadratic section of

which is (2b)(d), the section being caleulated on equation (4.10).

The dimensions along the vertical d = 1, the thickness 2b, and the

height h, are expressible in unit d.

Figure 7 illustrates the change in Zmax between 0.1 and 14,
while Figure 8 illustrates it betw=zn-1 and 5de The first drawing
presents an ides as to the change Zmax during flights at altitudes
by comparison with which the distribution of mpgnetized bodies in
depth is considerabls. The second drawing illustrates She éhange
Zmax when the relationship of the magnitudes in quastion is the
very opposite., In othér words the former graphs ars applicable in

cases when the bodies are large in size reldative to flight altitude

while the second is applicabla to small oovjects. Thus we see emphasized

L
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.‘]frl('n',‘ graphically Lho anareh o) ar Ui ki bude on bhe maei-

Ctude of the maximm 4. he s ke daepen b ] tha dimengions

of thae bod relatdve Lo hitbnde 0 = 0,1 and bth =

in Flpure 2 oars very sinilar Lo Lhe ourse for diminubion of 7

X

VLK
over 1 cylin
b
Invogtipbion of bhe weprossions fop the 7 Tield over inclined
. .
bodina and bodies witn ebliague mommatizabion also (ails bo reveal

1
relationships Lhat may be g wosimple formglas.

Figure 9 shows Lhr 2 Pisld of 0 inetined steabum in vertical
.
section. The vertical compunont 2 i3 chown in the form of lines of
:
aqual value, the distriblition of which illustrates Lhe diminution
of the field with haicshi, whil: Lhe scale of b vight Ls in units

’

corraspondineg Lo bive oronge: tional dimensions o’f! Lhe body.

aminabion of Lhy Adisereg civas ries to bhe auastion, import-

ant in practice, us Lo the displacement, of 7 along the x axis in
- max
proportion to the increass in altit

heq&vis in any case only a small fraction of the angle of decline of
B :

_the stratum. As altitude increases, angular displacement rises some-
what,, approximating 1/3 of the angle of decline in the upper portion

of the drawing.

Let us examine the guestion analytically in terms of an
obliquely magnetized cyiinder, in which, as a result of the coming
together of the polar linas, the displacement of the Z maxima ilong

the x axis at various altitudes should be most clearly expressed.

The equation for % for an obliqualy magnetized horizontal

circular cylinder is : Llov -

. (B —x?) cosp—2hxsin '
Z=2,44*——*:.;;‘—:?}T’-‘2_’, @)
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Csmall relative to h, iz, and x

in which B is the anele of deviabion of the T vaetor from the vertical.

Compiling an cquation for finding Lhe abscissa of 2 in -
AKX

the- form of 94’
R ax

we obtain

XLk Agh=0 (412

. In thig equabtion ¢ has } valusse Deponding upon the shape

t ¥ ¢ Gdua. s S arond s ; . 9 value : -
of the curve, one vilue, Kys corrasponds to Z’m:v;' and 2 values, Xy ) ]
and x.’, corvespond to 2 minimmns, Ze " The angle B exceeds 30° only ' i

in the southernmost portions of.the USSR and is below that Tigure ’ -
over most of ‘its territory. Consequently the value of x7 will be
3 while naither of the 2 latter values
will equal infinity. . - :
In finding the approximatzd value x = X,y we write the value
of x; into equation (4.12) and divide il, membar by member, by ni.
Pe
Ignoring the second and bhivd powers of the simple fraction —il—,
h
we obtain . .
C 3+ hgB=0, —=7tgB. (4.13)
Employing ¢ to designate bLhe angular displidcement of the
Z point, w® obtain: . -
max .

L 1
gy=5=—ygh =b

Figure 10 shows the values for Z at various levels, hy and

h,, over an obliquely magn The displacement cbserved,

Lo
Zmax’ confirms the correctness ol the :mpr'oximatf solution found.

v

This conclusion is also confirmed by Figure 9. At an altitude which

is high relative- to the linear dimensions of the cross-section of

the body, its field ;\pproxi;mtes the field of a cylinder of circular

R .
sections A3 a result we witness the gradual approximation of the

&

o

angular deviatien, zmnt’ to 1/3 the angle of declination, with which

the direection of tha veetor for intensity of magnetigzation coincidese
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3

The deviaticn proceeds in the direction opposite to that of the
dipe Later we ghall show that when an inclined stratum is ®infinite®
tn depth the deviation proceeds in the same direstion as dip.

The theoretical examples we have examined provide a general
4dea of thi changes in intensity of anomalous magnetic fields of
geological bodies with variation in altitude.

The magnetic fields of geological bodies of various shapes
and dimensions decline in proportion to distance from the sarthis
sur!‘acre ths more rapidly, the smaller are the dimsnsions of the
body. Therefore the relationship among anomalies created by various
bodies change with change in the altitude tm which the survey is
takene Cazses in which anomalies which are intensive at low levels
of mesagurament rapidly diminish and becoms too slight to be rocorded:
with increase in altitude, while adjacent weak anomalies related to
-largs shapss ars still noticeabls at high altitudes, are possible,
and have actually been found.

Pigure 11 deplcts the Z curve at 2 altitudes, sbout 100 and
LOO m respectively above the earth's surface, ovai a body of iron
cre of contact origine At the lower altitude 2 sharply defined
magnetic ann-a.‘l.y is seen, caused by an ore body and a skam sone
and 2 slightly elevated field above a massif of ayenite. At an
altitude of about 4LOO @ the ancmaly related to the ors body is
" practically umoticeable and all that remains is the field above
the sysnites, while it has varied so little in intensity thet at |
the given level of accuracy of meagurement it is difficult to state
that the vertical gradient of the Z field over the massif is of any
quantitative Mrtmoi

Thus, exaaining the changss in the earth's magnetic field

«39 -
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with vardation in altituds, in tems of ths sources of this fisld
wa £ind that the romuorwumauummwmum a
constant gradient of the ordsr of 20 gamas per kilometer up to very
high altdtudes, Apparently the gradient of continental anomalies
will be considerably lower than this. However the gradients of
anomalies studied in the course of gedological prospecting will be
both positive and negative in sign, while t.hoir mmerical valuee
may be very high, particularly at ths earth®s surface.

In the pi'acuca of magnetic prospecting cases are encountered

in whigh the calculation of the magnetic field intensity for an
altitude other than that for which it is known may prove very useful
in the goeological clarifieation of magnetic anomalies.

As it applies to the £4eld above bodiss of large area, and
therefore in ths form of a 2-dimensional problem, this question has
bsen given detailed treatasnt in the works of Be A. Andreyev (1947,
1949, 1950, 1952, and 1954)s Thess works present nomographic methods
for finding Z and AT at a higher altitude by means of data for

" the fiold distribution at a lower altitude for bodies of large
(theorstically of infinits) zrea, and for bodies of indefinite area,
and also pressat a simple thooret.ieal Justification for the construc-
tion of nomographs.

As-in the case of caleulstien of the H fisld in accordance
with a given dlstribudticn of the 2 fleld; we asmme that the Z field
. given at a oertain surfase is produced by an imaginary superficlial
sagneilc density, mmerically equal, at each individual unit of space
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cosealenuloe e TG 0 e b, 3 employ Lhe

el exprvessing Lho v Soover wovertical stratum

P A

ppli o Lhe YR =2 . Starting
our coordinates ab oo introducine L ] shion A4 to indicate
Shab the fiold s bodne dotormined from bhe ol menb i, we obbain:

Zh
dZ (P) = s d.

The total value of 4(P) will be the iabepral of equabion
(5.1) within the rangz of minus Lo plus infinity. At any given
limiting value, Az, ihe (izld inbensily AZ(P) will,.be

Tm+1
1 . h
AZ(P)=?5 Z g dx=

fm

= —?(arc tg x";,“ —arctg —?‘) , (5,2

in which Zi is the mean valus of 7 in segment Ax in ths interval

from Xy to L—_ Let us divide the x axis into segmenfs 50 that

the difference in the arc tangents, given in parentheses, will be

constant at any value of Ko Let us assume, for example

41 =)
'gi(arc tg x"h ~—arc tg—;’:} =0,05.
Then ' e
Z(P)=0,052Z;;
In order to plot the nomogram, we derive

are tgi'ﬁh*—' — are !g—";i=0,!57,
 from which it follows that at a given value for the constant, the
difference between thé‘arc tangents-is 9°, Conséquently to ﬁlotv
the ﬁomogram it is nscessary to drop‘ a perpendicular from péint P,
where the coordinates meet, and in a.ddition'to draw rays to left and

right at 9% intervals to reach 1 horizontal (Figure 12).

Y- 1 -
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The nomorram ia drawn on Liaine 2108 ap Mapere  Ihods used
as followse The Z curvs is Jdrowm Adovy o Tine pevpendiead e to bhe

axis of bha anomidy.  The density of L poinba of mensuroment should

be sulfici=nt for satisfactory intorpol:

bhe intarvals bobwssn poinks. 1r Shemensurenonb; did ot extend

'i.né,o the normnd Cisld beyond, S vilues tacking sre determined by

graphic axbrapolation.  Tha matho recomf'nended v not be repgarded
p . :

1s leas accuribe than Lhal of Pinding the residuad | ntepral on the

assumption bhat the field fodes in “afing ko ribio, as the fading

ratic is vsnadly anknewm Lo us.

Tha peints for which Lhe % valnes are Lo be calenlated are
entered on the same griph. TIn ipplying thess points 2 observe the

scalzs on which the topographic profile has been driwm.

To find Z for a given point P, we connect tha m~eting point
of the rays to peint P.  Ths ceutril roy is vertical. The Jength
of the raysshould be such 25 Lo inberascet bhe topogriphic profile
set forth on th2 drawing. Then we calculabe the Z.»sum, where Z; is
the mean value of % for- the given line in the interval betwesn each
2 adjacent rays. 'The 7 valué sdught at point P will be

2(P)=005t2, 53)

The 2 value ab obher poings i wrrived <L in Lh2 sane wner.

rvmebic Mield vhrizs very sherply

it it becomes difficult or impossible
to determine the average valus, ons of the fo]’Lowihg methods must
be used. Either (1) with no change in the nomogram, 7 is calculated -

for inter‘m'—:d!i-'ito 1ltitudes, nd the desired altitude is approached

step by ste or (b) a4 diffsrent nomogram is smployed, with smaller
b ) £ ployeac,
. : .

ntervils thnat
nLerviig; ind |
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only Lwo-FPifths baine shown on i hesaing. Lt us write
v b u Wb

neve e 7 . sar 3 H H
pvarag: dyovaluss i willimelercs in the bovvals Lo Lhe

the cmbral Tine: 224-22 5422 54224 21 17,5 +12+(6,5--3,5) 4 1 (—1—4—6)

4 (—45-3) = 130, M 2l side we gt 994 91 4904 101716

IR R TN I, . !
H15+ 5 (174-17)+ o (11 +44-2,5) 45 (3-4-0,5) = 154. from this we derive

Z(P) < 0,05(139- 154)=14,6 s

. In a case in which bh. 4’ d er AT given for the initial-
surface plane has 2learly defined “axi
T ' plan ’h,1\: no clearly definad ‘axis nd the hypothssis of in-

finite aren is parmissibla, thz caleulabion of the Z field or of AT

at the now, highsr laval procaads as t‘o.].iows.
: .

ot e e - ey 17 s . 5 vy . -
Let us assums the 2 rield distribution at some plane “surface.,

) N
1

In any element.ds tha pis Tus of 2 ;
y element the given valus of 2 miy b2z exumingd as ths result

3

07 "Moamagina rv migetic miss O with a density of L In that
" 2 o

case the d7 f’..iled, At point Pyt and altitude h, #ill bz (Formula 100

in:Logachav, 1¢
_ Zhds _

T 2R

fare r is the distincs from the P point Lo tha ds alament.

Ay TR T

. ey . o e - . . s )
- 9 is-theangla’ Tormed by tha Projection of r to ths plana in which

ol 43 _
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P lies, and by o fixed dircclion  ds==rdrdh.

7
A

Lzt us break up the enbire plane containing the glven 2 values
. . h .

into areas of- 2qual :—z.f‘f_“_ec»!',.‘ Aithin Lhase aroag we will take 7 to be
a constant ;;::1)1:11 bo the averies viluz of 7 . 'ﬁw 'r‘ie?d. AZ(P) of
Ch _ j
such a spoce will be expresssd by the formnla
z ’m.&l» i n41
azZP)=4 7,-dr5 dh =
"

Assuming  On,, _ 0, = 36" := 0,628,
(5,9)
in which case
z(p=002z. 65)
Let us piot A nomogram to permit Z(P) to be found. From the
center point O ws draw rays at 5/\0 intarvals and then circles, the

radii of which, kyy ars obtained from equation (5.5):
v
h

n .
T Vm+
Taking h = 1, we find
1 1
3 — ==
'/l-i-xm ]/l+x3"",_l

from which we derive the following valuss for X, 0; 0,48; 075 1,02

=0,1.

0,1,

1,33; 1,73; 2,28; 3,17,'491; 98; . If we take the height h in the

given scale to be, for example, 20 mm, the successive radii will be

"_";“g,—érl& 0; 26,6 #%, See. Figura 14.

- In deri\}ing the }Tield at some .point P and éltitude h, the
,noﬁlogram is laid atop the chart of the magnetic.field in such a manner
that its cent‘er‘ corrasponds w‘ith point F, Deie’x‘mination is 'thsﬁ made
of the mea‘n‘ vul\;n, 25 within each space, formed by rays and circles',

subsequent to which w2 calculabe thz sum 2;, - The value desired is

_ calculated on dquation (5.4).

_.I{L -
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. Lot us examine the calculation of Z'in terms of a specific
éxample (Figure 15). Lét us ﬂssuﬁe thnt,we are required to caléulate
the field at h=ight h, which is 10 mm on the scals presented by the
chart. Now let us plot a graph for h = 10 mm. Let us place the

~ center of phé gfid at point P and caleulate the total of average ,
Zi_values fér cach space. Within the circle for ghe first radius

the Zi values will be (counting clockwise from the vertical)

50 4-6-45+3-50=470. In the second ring, they will be 50 4-5.404-50 4

4360480 Tn tho third 25042354240 -+ 50+ 3-60 = 480;

In the fourth 2-50412'30—F2-404*504—3~70==5001I” the fifth

,ﬁQﬂ:éQ:E2'20j12'404'2‘654‘2'90==53m In the sixth 504 30-
42.15+2-40 +2-65--2-80=480. In the seventh 4042040410 +42.40

i§9_+ 3.50 = 360; In the eighth 9.10— 20 -- 10+ 20 4 40450

3.20=180; In the ninth — 10 —20— 104 10=—30.

On the basis of equation (5.6) we find that Z(P) = 0.0L°3450
= 34.5. The results .are obtained in the same units in which 2Z is

given in the original drawing.

6. - Calculation of Field Intensity at Points below the Plane in Which
. . ' o :
Field Distribution-is Known
E .

Determination of an anomalous magnetic field at various levels

’

below the plane in which field distribution is known .increases the

'possibilities for practical utilization of the data of magnetic survey

Ebr the study}cf geologicallstructure, as is confirmed bf well—knoﬁn
works in this field (Andreyev, l?h?, 1949, 1952, and 195k, and‘
Veynbérg,-lghA). The'possibilit;es of prgctical employment of the
”fieid distributior in the vertical sebtion-abovgkand geiow the givén X
level afé apparently subject bo,considerab]s expanéién. ~In particular

" we have in mind Ehe?éloﬁting of a vector diagram of the T, field

._145 -
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Lotal voctor on

¢ bho civen level, whave

phe zolution proposed

Lot us Lok as civen Lhe o wuingsg o #(x,0) along o line x,

. direcbion of which is parpandicular to the long axis of the
i 1 3 . .
Lat vs aesume the he . of the sxis of the abscissa

: problom censisbs of “inding the valuas 7(x', h)
v

antical vertical section.

The {irst approximition Aﬂ(x',h) is found on the basis of
theorems having to do with the m2an value of the potential function

foritha'Z—dimensionul problem. The value of the function at the

centar of the circla is the arithmetical mean of ths walues of the

functions on the circle itsslf.
o

For purposes of an approximated solution we employ the values
of the functions only at certain points along the circle, to wit,

bLhose at the points of an inscribed regular hexagon or squares

Let us assume that the values of the 7 function are khQWn
at k. poin s located at ths .apices of a square Q/@ on a side (Figure lo)
Thﬂr the value of the Z [unction at, the center of the qqpﬁre will be

datnnnlnnd by thﬂ th orem for man Vulue: : T o

Z(¢, 0=tz +B0)+Z( —h, 0)+4(x' B+
- Lz —h. 6

SR

Rt
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2
However, if bthe values of 2 are known it all points other
than (x",h), the valuz at thabt poinb is detarmined from equation (6.1):

Z(x', h) ~AZ(K, 0 — (Z(& 4 b, 0+ Z (&'~ b, )4
A I (6,2)

In the case under examination, the values of 2 at point ifl?lu
{(x'4-h, 0) and (¥'—h,0) are Lhe given vilues ab the initial level
z = 0, whilz Lhé valua of % 1t point (x',-h), that is, at h elevation
above the initisl level may readily be ealenlubed by the méthod.set

forth above. Thus on the right side of equation (6.2) all 4 members

may be taken as known, so that bhe valuz of Z is found at point (x*,h).

The process is assistad by the usa of a template in the form
of a sheet of paper «#itn openings cut in such a manner as to reveal
Py

only the corners and cenlzr of the square, Lhat is, the values of

Z at the points required.

Thus we find thz valus of % at depth h along the entire x
line at intervals such as to permit the plotting of an uninterrupted

curve.

In order to finﬁ the second approximation we regard the
vﬁlues 72(x,h} as éiven.. On these values we caleulate Z(x,0), which
are,the‘figures truly given. Let us assume that the Qalﬁe of 2

_ calculated at point (x',0) has proved equal to 21(x?',0) and that the
true‘valﬁe 1s 2(x',0). The difference 3272:2?;2672:27;267 is ﬁhe
first correctiqn.tc bé made in the value of Z(x',h). :Corrections
of this kind are found for a numbsr of points, subsequent to which

we draw the corrected curve Zy(x,h).

.Fﬁrther, the sam2 method may bz employsd to find the

correction AZ,, by the mimnitude of which we correct. curve
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as a-result of which we obbis v naw e wore cceurabe valus for

Za(xyn)e Bxperionce s shown phal in grlculating Lhe 7 Cield at

 a“depth h, consifuting a small [raction of the depth ab which the

>

top of the givan body is locnbyd, it iS‘udBlUWLEvLO mike but a single
éorrection. I‘ .,.CASW, whem £hetlnngbh of the anomily is not

clearly definad at the initisl le&sl and it is not possible to ﬁpplv
_the. thaory .for a field in bodies of iﬂfinihe length, the problem of’
deriving the fie]ﬁ ab points balow thz given surfacé is‘resolvéd in

a manner analogous to the foregoing on the basis of theorems covering

the average value of the potential function at the centar of a sphere.

fﬁlview of the unconscion:able wamount of Qork involved in. re-

solving the problem if we employ a Jarpe number of points on the
surface of a sphe;e, we shall limit oursslves to the corners of a
ragular hexagon inscribed in a sphere, 5 cornzrs of which are in

the plane of the known ficld; and 2 of which are disposed symmetricilly,
one above and one below ite. Let the 7 (or A T) field in the plane

of obssrvation be in the center of ‘sphe T'e, ul, at the corners of

29 Ly and Zla: The. Z5

manner Sbt iorth ahovp for the case of a 3-dimensional problem.

the hexagon, field may be qalculabed in the
In that cdse the Z fleld at the polnt corrasponding to the lowest

corner of the hexagon u1]1 be
Z—SZ.—(Z,+Z.+Z.+Z.)

.

Afﬁer detennination of the Z:field'gt an adequﬁte‘number of
points in the plan% below ‘the pr“n plan vbh% correction may be. found
in the same manner- as 1nd1r ted for Lh° 2—d1m°45¢onal problem as follows.
‘The field in the 1owcr p}ann is rcgordﬁd as that givsn, while the va]ue
£ 21is calcul%t@d for that fl’]d on thn blSlb of p01nts in’ th° lnltxal
plane..'Th difCar=ncos arrivad \t oatwe en’ th)‘truﬂ nqd ca]rulatbd
“valuss of 2 are cmploy~d. as e Ewrst PO;F“CthﬂS to ths values caléu-

-for thn lowsy “]1&’

- 431-
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CHAPTER II. THE UTILIZATION OF ANOMALOUS MAGNETIC FIELDS IN GEO- —
IOGICAL PROSPECTING -

The results of measursments of the magnetic field presented

in topegraphical fashion in the form of curves for a field undergoing

continuous change along sach route or in the form of isolines on a - — =
map reveal in graphic form the course and approximate contours of

both large and small geological structures, depending upon the scale

of the survey.

We know that ‘world charts of the geomagnetic field compiled
on a fairly small number of absolute magnetic measurements, have
been emp}oyed by various authors to explain the fundamental structural
elements of the earth's crust. Thus N. N, Trubyachinskiy in 1934 -
determined the connection between the diresction of isogonics (lines
of equal inclination) and the course of'geosynclines. In order to
clarify the structure of the pre~Cambrian foundation of the east
Eurvpsan platform, A. D Arkhangel'skiy made successful use in 1941
of the map of magnetic anomalies in the European portion of the
USSR, compiled on the basis of absolute magnetic measurements

set forth approximately on a 20x20 km graph.

The practical significance of large scale survey in establish-
ing the courss and contours of géological structures is gensrally

known and is confirmed by all past experience in magnetic survey.

Magnetic charts compiled on the data of aerial magnstic survey
conatitute valuable data for the solution of the questions under
examination, as they are always compiled for large areas and equally

spaced routes and for uninterrupted measurement of the field for

- 49 -
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posiiive slenliioaes s de bhe Saeh Lhat in order

anvuehurs of iy hay werind syrve
should b pariors ahor privan “iabase the earbh's surfacs to
axclude the o7 ehs naddoshapcs of Wichly maygmetbizged rocks which

e sbtructures

Duberain: : he course of such rocks, f.)i_stingiuﬁhsd
fron inbrasine p by thedr mesiic propartics, is not particular-’
the body alone Lhe strike is

szveral bimes as largs as bhe dis » hetwean gurvay roubas and

tha direction of th': lattar furms o significant angle, approximating
1 right angle with the siri wis.  This is o direct conclusion from
the data in Micure 17 11lustrating a ('ield 7, over the area of dis=
trimsution of highly matamorphosed ancient rocks, containing rocks

of high magnebic intensiby. The methods of determining the contours

212 thickness) require

foundation.

Let us examine the simplest case, in which the magnetized

bodyr takes the form of a vertical stratum the thickness of which
2.  We will consider the distribution of the body in depth to

be large relative to the depth at which it is located, while our

concept of depth will include flight altitude.

1

Employing the familiar formula for a field in a case of

direct magnetization, which is

e e

) QZ=2I[arc fg ": "—arctg-f—;-?f],

.

let us find the first derivative of the function of 2 in accordance

with x.  The curve "f will have ons maximum and one minimw., the
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abscisaas of which may be found if w2 Lak: =

= 0. Solving the
equation, we [ind its real roots:

Kl (0 — B2V FFE IR

b

If _k;?ﬁi the approximated value of the abscissas for this point
will be féﬂté: However, if A>>b, then we will obtain, accordingly
x};;_%_b!4a%;h’. From this it follows that the Jateral boundaries

of bodies of the desired form are determinad by the location of

0Z . .
the sxtreme values, -3 which, as we know, correspond to the location

of the points raprasenting the breaks in the curves. It the distance
between the abscigéxs for the points constituting the break are
significantly greater t%lﬂ the depth of the stratum (including the
flight altitude), the boundaries of the body may be determinedvto

ap accuracy close te that of the graphic method of finding the

points representing the break in the given curve. However, if the
thickness of the body is less than the flight altitude, the boundaries
are determined only approximately.

‘The conclusions drawn for the special case of the symmetrical
curves Z may be‘empWOyed,to delinz:!. - the contours of the magnstized
bogiss and for assymzstrical curves as well. This may be proved
without racourss to the mathematical analysis of the complex expres—

sions determining the Z field in oblique magnetization.

If we are given the Z field over.an inclined stratum the
thickness of which is 2b, the expression %%.Ax may be regarded as
tﬁevvertical component over 2 strata, the distance between which is

2b, formed by the real side surfaces of the stratum and the surfaces

parallel thereto, displaced to a distance of Ax, while the intensity
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of their magnetization has exaclly the veverse sims (Figure 18).
Ignoring the slight shift along the x axis of the largest values for
the gradient rélative to the uppsr edge of imaginary thin strata,
it is possible to obtain an approximated idea of the contours of
magnetized bodies by employing the maximum and minimum of the

0Z

function 55 9T what amounts to the samz thing, the break points

on curve Z. This is {ully applicable to assymetrical curves as well.
It is obvious thal this method is no obstacle to very gradual dimi-
mition when the shift in the break points is considerable. However
the very eflfort to employ this msthod is upsnccessfnl in view of

the practical impOSSi%ility of finding the break points on the drop-

of[ side of the body.

The possibility of smploying mimetic measurements to deter-—
mine the borders of the uppsr edge of 2 body dropping away very
gradually is entirely depsndent upon the expressiveness of the 2
(or AT) curves above the portion whare the upper edge terminates

and the side surface of the inclined body begins.

The limited distribution of inclined bodies in depth

naturally tends to affect some shift in the extrems values of

oz
d X
to

relative to the projection of the boundaries of the uppesr edge
the plane of observation. Howaver this displacement cannot bs very
large. Let us assume that the body shows soms slight distribution

in depth. In this case imaginary bodiss cut into the side boundaries,

27
the field of which is expressad by the formula —|—

Ax, may be regarded
as cylinders. 1In this case the angular displicement of the 2 maximum
ralative to the axial lin= atbains 1/3 of thz angle of slops of the

vector for intensity of magnsbtization, which may be ignorad in

approximated detarmination of thz coundariss of the bedy.
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For purposes of more exact determination of the boundaries
of the magnetized rocks it is possible to go over to the use of higher
derivatives. This question will be examined in conjunction with

problems of calculation of depth.

Returning to Figure 17, on which the course of the magnetized
rocks is distinctly visible, we are compelled to conclude that deter-
mination of the thickness of the magnetized bodies is impossible in
the given instance due to the small width of the anomaly and the
inadequate accuracy of the measurements. The survey was made with
& 7 aeromagnetomster with an error of the order of 100 gammas. So
large an error rules out the possibility of reliabls determination

of the points of inflexion on the narrow peaks of the Z fleld.

Let us examine another example, based on use of the T-aero-
magnetometer. Figure 19 shows the AT field for a relatively emall
area of Western Siberia. The course of the structure, determined
by the direction of the axes of the magnetic anomalies, leaves no
question for doubt. As far as the contours of the rocks constituting
the magnetic anomalies are concerned, they are determined with
sufficient accuracy by means of points of inflexion in the AT curves,
ag shown in Figure 19, In following the axes of the anomalies and
the contours of the magnetized bodies it is necessary to take into
account the possible displacement of the ancmalies due to errors in
orientation, so that it is not necessary to adhere too strictly to
the absclssas for the points of inflexion on each trip.

The question as to determination of the contours of magnet-
iged bodies is resolved easily for cases of simple ancmalies ersated
by isolated magnetized bedies or formations including magnetic and
nonnagneﬁic rocks succeeding each other at intervals that may be deemsd
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BeIEntly by cemposiiion) hecemen e aon: 1es

altituds of bho mige. - by ey srise in which 2 op

@ oo RRRE AT N ey isnne sy Crem aneh other form
Locomnon anomialy wilh e : fooor Cudutly delinantad tInetuations

in the rield in bhe conbral workion of bhs positive valnes of 2 (or AT),
as happens for inat ¢ i bhe soitanbion shovm in o 20,

tiatdon of sueh anomiliog i« Credlitatod by plobbing the curva for

tha %%C gradient, wilh subsequent amploymant of the ubscissas of

the extreme values of the curyve Lo arrive at approximaled location

of tae boundarizs of the magnztized bodies,

The inaccuracy of bLhe 4 berminalion of the boundaries in
the giv%n instancs is dus to o wemsnt of the exbreme values
possibly as a rasult of tha body hshjg in an inclined position, with
obiique maénetizntion, and also dus to the superimposition of the "
‘fisld of =ach body upon that of others. However thase displacements
cannot be’'so largs that these errors compel the abandonment of the
method. 1In case of doubt it is always possible to check the correctness
of the profile arrived at, after the depth of the stratum has been

determined, by calculating the field for the profile determined and

chec%ing this against ths observed data.

Figure 21 illustratss one or the curves presented in Figure 20,

“and the curve for ~E§ng' is plotted. The curve of the gradient

determines the boundaries of ths magnetized bodiss more exactly,
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although they may be found without plotting the gradient curve by

direct employment of the AT curve.as shown in Figure 20.

The same drawing clearly reveals anomalies, small in area
but significant in intensity, which in the given example happen to
be formed by trap rock. The small scale on which the given survey
was taken renders it impossible to determine the contours of the
individual small bodies but the scale is adequate for

nation of their zone of distribution.

It is unnecessary to extent further our selsction of examples
from aerial magnetic survey as performed in practice to illustrate
the clear reflection of the courss and contours of magnetized rocks.
Let us now adduce examples of a different type, covering conditions
in which contours of nonmagnetic or wsakly magnstized rocks are
identifiable as a result of changes in the magnetic field over the
surrounding rocks. Figure 22 shows the Z field over a portion of
Western Siberia. Here small anomalies over enriched magnetits rocks
in the midst of trap rock clearly mark off the borders of an-emergsnce
of ancient rocks, over which we note a uniform and slightly elevatedv
field, Figure 23 illustrates the geological structure of this area.
Figure 2i shows the identification of a granite intruslen by changes
in ths 2 £isld in sontast zov d FPigure 25 identifisation of

granites by the elevated field above the surrounding rocks.

The examples adduced illustrate well known conclusions from
the practice of aerial magnetic survey, confirming the fact that it
is possible to determine the extent and contours of geological
structures. Further eldboration of the data of aerial magnetic
survey similtaneous with calculation of the depth of the top ef the
magnetized bodies makes it possible for the contours of bodies
established to a first approximatidd to be@hendered more precise.

- 55 =
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The problam of determining the depth of coccurrence of the
tops of magnetigsd bodies is of fundamental importance in magnstic
survey and most particularly in aerial survey. Correct solution
of ths problem of the depth of the upper surface provides very
valusble data for the general geological interpretation of the
findings of aerial magnetid surveys and opens the way to the deter-
mination of such other characteristics of the occurence as thickness
and zngle of dip, and in soms cases for approximate determination
of the depth of the lower edge of tha body and, finally, the average
intensity of magnetization of the rocks. It is natural that the
major efforts of many researchers have been directed to the solution
of this specific preblem. The results of this research have baen
the advancement of a number of specific methods for the solution
of the problem, ranging from a:;imple graphic methods to methods

raquiring complex mathematical ealculations.

None of the known methc«ds of solution is mivei'sal and

applicable to any and all specific anomaliss. Successful utilizdtion
of ths methods developed to determine depth demands careful preliminary
examination of concrete geophysical data and allowance for the geo-
logical snvironment so as to determine the most satisfactory solution
under the given conditions. Mechanical adoption of any single method
to all the anomalies found by surveying would lsad to crude errors

in the geological conclusions arrived at. This is particularly true
of simple methods of caliculation not requiring any considerable
axpenditure of laber, which as a result have coms into widest use.

It does not follow from this that simple methods should not find
application in practice. On the contrary it ie essential under all
circumstances to seek to reduce the iabor outlay. on calculation, and

6565
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complex methode should be avolded where a problem that has arlsen
may be resolved more simply. Here we emphasize the nscessity for
compulsory investigation of the: applicability of the selected msthod
of resolving the problem and the choice of that method which is
capable of providing ths most precise solution of the problem regard-
less of the complexity or simplicity of the methed,

Caleulation of the depth c¢f occurrence by means of the data
of asrial magnetic survey differs in certain respscts from calculations

based on the materials of survey made at growid level.

The absolute error in the calculation of the depth of occurrence
of ths objects of investigation inereases in accordance with the in-
creasa in flight altitude due to the reduction in the absolute inten-
sity of the anomaly and consequently the increase in the relative

error of the measurament,

The calculated depth is the sum of the flight altitude and
the real depth of occurrence, while the practical depth is that
maasured relative to the earth's surface. We obtain the latier by
subtracting the flight altitude, but the accuracy of the latter will
be the less satisfactory, the lower the actual depth of occurrence.
Lat us assume for example that at an altitude of 300 m the depth
of occurrsnce is found to be 300230 m. Relative to the plane of
observation, determination of depth to an aceuracy of +10%.may be

' taken as satisfactory. However, when the depth of occurrence is
thought of relative to the sarth's surface, ons obtains a result

the practical va.lue of which is highly dubious, Howsver, if from
the sams flight altitude tha dspth of occurrsnce be found to be, say,

1,0004100 m, with the same srror of #10%, then racalculation to find

depth relative to the sarth's surface will yileld 7004100 m. Consequently

-7 -
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satisfactory results are capable of being obtained relative to large
objects at considerable depth. However, as concerns small objects
found at little depth relative to flight altitude, measurements at
the earth?s surface are required to increase ths accuracy of the

solution of the problem.

The simplest methods of calculating the depth of occurrence
of the upper surface of magnetized bodies are graphic. They include
the long familiar method consisting of finding the points (or limit-
ed areas) at which intersection occurs between the direction of the
total Ta vectors, theses loci being taken to colneide with the top
adge of the magnetized body. Ths applicability of this method is
limited to strata of limted thickness relative to depth of occurrence
but covering a considerable range of depth. The method is uniformly
applicable to vertical and inclined strata, with direct and oblique
magnetization. Depending upon the real thickness of the body, the
depth of occurrence found in this way is always gomewhat greater
than the depth of the upper edge, in accordance with the location
of imaginary "polar lines® witﬁin the body. Whether or not this method
is applicable is revealed in the course of its utilizatien. In order
to apply this method to the results of aerial magnetic survey it is
necessary first to calculate Ha for the kmown AT field, taking the
latter to be Za in indirect magnetization.

A method based on the proposition that the depth of the top
of the occurrence is equal to half the distance bstwsen points on
the Z curve, when 2 = 0‘52max' has found wide dissemination,

This proposition is entirely applicable only in cases in
vhich a symmetrical Z curve 1s encountered.in comection with a
vertical sbratum of considerable length, limited ﬂﬁ,clazeés (relative

- 53 -
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to depth), and considsrable distribnticn in :depthe  Consequently the

nge of the method is proper only when bhe mumebized body is of a
shape similar to that indicubed. Under a1l other conditions the

b

relationship 'thus examined is oubt of plaice.

Yu. No Griachev has propesed u praphic mathod of resolving
the problem, taking into account the hovizontal dimensions ot the
body in a direction perpendicular to its course. Tangents are drawn
to the Z (o AT) curve, as follows: one, parallsl to the x axis and
ab the top of the curve, others to che points of inflection of the
right and left arms of the cnrve, and, finally, tangents parallel
to the x axis, and touching the right and left minima. From the 2

I

points of intersection of the sloping tangents and the upper horizontal
tangents, perpendiculars ars dreppzd to the lower horizontal tangents.
Then, in accordmnceiwith the signs of the abscissas for the points

“of intersection of the tangents shown in Figurs 26, the depth is

calculated on the empirical formula

/ h='§‘['§“(xl’xa)+%<xx" x.)].

Applicaticn of this {ormula in approximated evaluation of
depth are limited to cases of vertical and near-vertical strata
of large variation in depth. Th2 evror incraasss very sharply with
inerease in angle of dip or roductisn :n the size of the body with
depth. This method has come into wid= use by aerial magnetic survey
teams. No fsult can be Tound with it when it is used critically for

preliminary general determination ol the depth of occurrence of magne-
tized hodies. However, asrial maerrztic lata of high accuracy permits
_omore stringant analysis than thes  regeirg and consequently more accurate

calculation of depths and sometim~s of other characteristics of the

occurrance.
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In recent yoars z number of writers have proposed graphic methods
consisting of comparison of the observed Z or H curves with the
theoretical curves caleulated for groups of bodies of large area,
with changing relastionships among the linear dimsnsions of each
section. All the methods proposed up to this moment involve the
utilization of symmetrical curves only. These methods are set forth

briefly in a speclal section hersunder.

The graphic method of determining depth of oceurrence by
plotting the megnstic spsctrum, which would appear to offer good
prospects, has not been worked out to the state at which it can

be recommended for widespread use.

In the mejority of works of most investigators one encounters
sxamination of the possibility of analytic calculation of depth.
In addition to the msthods, treated elsewhsre, of calculati;ig the
depth of oeccurrence of isclated bodies of simple forms by means
of analytical equations for a field corresponding to the hypothetieal
shape of the body, various authors have suggested methods for caleu-
lating the depth of oceurrence of bodies of more complex forms by
plotting the integral functions of fields Z and H. Among these is
the method advanced by A. P. Kazanskly, describsd in detall in the
literature (1938, 1938, 1950), and proposed for the purpose of
caleulating the coordinates of the center of gravity of the cross-
section of a greatly clongated or triaxial body. This msthod is
not employsd in practical aa:;'ial magnetic survey because the depth
of occurrencs of the cembsr of gravity of the section is only rarely
of praﬁtieél interest. In addition the gpplicability of methods of
integration is highly limited by the fact that they have béen developsd
for the special case of vertical magnetisation and alv;ajs demand
smployment of data en the profile of the field, the length of which
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exceeds tha depbh of ocenrrance many foll.

A

A gixmificant modi fication nropouscd by Ga Al ﬁ"mhurtsev

(1938, l?hO) for tha prrpose of calculalin Bhe depth of thn upper
edgevof the deposit in terms o Ll Field of - ‘,:;inurybbody
constituting a shaaring of the upper surface (Lhe "difference" between
the real body and the same body subjected to slight displacement

along its vertical axis) has also failed to contribute to the intro-
duction of msthods employing integration, as the limits to the appli-
cation of these methods, conzisting in the requivement that a parti-
cular case of magnetizabion be employ:d and demanding that the profile

be greatly extended, havz not been eliminatad.

B. A. Andreysv has proposad a mzthod of calculating depth
which is founded on study of bhe changas in a fizld determined
beneath the given plane (cf. 1954, 1948, 1950). This method is
worthy of spacial attention as it does not require prior determi-
nation of thé shape\of the bedy. Howsver the criteria proposed by
the author for determining tho depth of the toplbf a body by changes
in the field at the boundary bztwsen media of differing magnetic
propertiesyhas proved inadequate. Consequently it is not now possible

to recommend this method in its present form.

Later works by Lhe s: uthor, et agi z finding of
the "maximum distribution of the rield" and noting the coincidence
betyeen the latter and the upper edge of the body,'A applicable
in limited instanceé where there are strata covsfing a wide depth

interval, magnetized in the direction of .dip.

T. N. Simonenko (Roze)'has proposad ‘ 4 of approximated

calculation of the depth of occurrsnce by means of ‘the nltimate value

of o function in the form of
lim x*Z }

‘.
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in which b is bhe depbh of ocevrraonc: o the upusr edes of 2 name-
tizmad body of larme exlbonl, cevering « lur g deopbh intervyal, while
In is bthe dengiby of Lhe meomebic moass ob Bhe apperportion of a

saction threush tha Lodr,

Employing bhe Taniliae formulz {(ef. Logachsv, 1951) for the
Plowing axprassion is vdlid

j‘ ‘Zdx == Iy,

Fmpioying Lhis egquabion, tha mubhor of the msthod in question provides

the lollowing foriml: for

3
Study of this formula nd of Lhe exparience scquired by its

smployment in the elaboration of data obtained by aerial magnetic
survaey conlirms the possibility of obtaining sufficiently satisfactory

rzsults by way of a first approximation.

On the basis of study of the applicability of various methods
of calculating the depth of occurrence by means of the Z (or A T)
field, we may draw the conclusion that, in instances of simple ano
malies, when the anomaly aboye a specific body is not complicated
by-the effects of the fields of other bodies, depth of occurrence

may be determined by a variety of methods. However in the case of

complex anomalies the problem often becomes insoluble.

2]

From the theoretical considerations confirmed by experience
ga:nad by the use of various methods of cmchlatlng the depth of ‘the

,top of an occurrence, it follows that whare complex magne tic anomalies
i.,
are conperned tha' best results are obtained not with integral functions
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but with higher derivatives, In the latter case the effect of the

more distant magnetic masses declines with relatively greater rapidity,
with the result that the magnetic field of magnetic masses close nearby,
such as those which are attributable to the surface of the magnetized
body, emerge in sharper relief. In connection therewith, we shall
hereafter devote our main attention to methods based on the employment
of the higher derivatives of the magnetic potential caleculated on

the measured values of the Z or the AT field, in addition to our
consideration of simple methods of calculating the characteristics

of occurrence for isolated bodies.

for Field Intensity

If the intensity of a known magnetic field over a magnetized
body is capable of expression by a mathematical formula, the parameters
of which do not appear in explicit fashion, the possibility exists
in principle of caleculating all the parameters, as the lmown distri-
bution of the field over a given surface makes it possible to work
out the necessary numbsr of equations. The practical possibility
for the solution of the problem depends upon determination of the
value of the field at points the use of which would yield simple and

readily soluble equations.

Equations of this type have besn found for bodies of the
simplest forms (Logachev, 1951) and ready formulas have been compiled
for calculating the characteristics of occurrencs, Thsss formulas
envisage the employment of values for the fleld at points which may
readily be plotted on the plan chart,
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The difficulty involvad in the caployment of prepared formulas
lies in the ract thab their employment vrequires proliminary determi-
nation of upbropriate models ol thy simplest forms, similar in form

to the real body giving risze to Lhe anomaly. Ib is by no meansbalways
possible Lo moet the condition satisractorily, while the error in
ghoiée of modal and of raady formulas corresponding thersto for purposes . —
o% calculation involve the possibility of wide errvor in determining

the characteristics ol the occurrencae. -

The methods of solving problems as to the depth of occurrence . -
of bodies of simpjﬂst form have basn set forth in the journals and .
taxtbook literatura. Herz we shall only present certain general

considerations and supplements.

In the smployment of ready formulas for calculating the cha-

racteristics of ocenrrence of mignetized bodies limited in extent
’

the first problem that arises {5 the pormissibility of employing
formilas derived for bodies of infinite extent. A relative approxi-
ma£ion of the dimensions of bodies depends upon the depth of occurrence, _
ag, in a;rial surveys, the "depth of occurrence' increases, and it

is thus nescessary to use some other basis for scale in determining

dimensions. ) B

Let us find the expression for the Z field aiong a line x
over a vertical stratum of limited thickness and covering a large S
; ) depth interval, the dimension along the long axis being 2 1. This o
condition fequires that in deriving the formula a substitution be
made for the limit 6: integration along the long axis. Instead of

the 1limits being from O to 1/2™ it is necessary to employ the range
KB

i R,
from zero to  arctg V—ﬁ=arcsm T

As a result we have.

e ——
[}

Z=Z oy mrstB
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in which Ze ia tha valus of Z when [=co is the depth of

occurrence of the upper edg=s.
h

With 1 unchangzd, the multiplier dseclines as h and x increase,
given Z @. Let us consider a daviation of 10f to be permissible.
Let us find, subject to that condition, thz criteria within which

the concept of infinite extent is permissible.

At a point x = O, that is, above th2 middle of the stratum
: 1 i
=2, Py from which, assuming Vm>.0'9’ ws find 1>2.

e g

In other words in order for th2 diffarence between 7 and Zpp not to
exceed 104 in the region of maximum values, the dimensions in the
direction of the long axis must be 4 Limes as great as the depth of

the occurrence.
;o

If the course is infinite tha isoline 2=1/27 passes at

max
a distance of x = h. Let us assume this relationship to be maintained
approximat=ly for highlv 2longib>! hHodics o Tinite cours:. In order

for the Z field to differ rom the Ygg "izid b points x = h by not

more than lOﬂ, the sxpression lj>3h. must b2 satisfied.

Let us plot the contours of the isoline Z = 1/2Zmax' The
longer axis of this contour is approximately 2 1 and the smaller,
2 h. As a consequence it is necessary, in order for the inequality

to be fulfilled, that the axial ratio of the conlour under study

exceed 3.

The ratio betwesen the axes of an‘oval contour makes it possible
to make use of the values of 'Z along a line x passing above the center

of the occurrence, within the contour Z = 1/.7.7,,,1
m

, with the assurance

a
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e L hcomes necessary
Lo ind the per-
rabio Uor the axes of Lhe eyl acnbeur of the corresponding

in which

st axezod

L0 bhe body s ovory Lk, bub bthe bhickness does nob axc22d

its depth of ococurrame: (ul?uwinq Tligzht Altitwdﬂ), the axial

rabio Lthus determinzd increas-s o

With bodies covaring ordy - smoll interval in depth, the

axial ratic declines, assuming the same permissible srror.

Generalizing the conclusions arrived at tor bodies of differing
section, it may ba taken as 4 genaral riula that, in ordsr for formulas
derived for bodiss of infinite =xbent Lo be applied, it is necessary
for the axial ratio of the ovil contaurs of the isolines employed
te bz not less than 4 to 5-1. “Whan this is the cass, the centered

profile is employed for th=s calculations. If the axial ratio is larger,

.

ons may employ several profiles, szparated (rom the central by a
dis%aﬁce not greater than the ssction which is ruled outién the extreme
case of axial ratio. When the ratio is smaller, the uses of formulas
suited to infinite extent is only possible if corrections are made

that are calculated for concrete conditions, or if formulas are used

which ars derived for equiaxial bodies.

The magnetic field Z of equiaxial bodies ars cﬁaracterized
in plan view by concentric isolines for positive values surrounded
by a weak negativs field, vertical magnetization being assumed.
Finding the center of suéh 2 body and its magnetic moment presenﬁs

no difficulties, while calculation of the top of the body .is possible
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only i sappl s

hand.

The Tilerabors orfor; noshine oo calenlafhine
of occurr=mer i1 Lhn ¢

i oqniei

ratical 74 (or A7) "i219 oeenrr

3 v of =pheprieoagl sharye 3a 1 1ne i 1
WAy ol ppharienl shape dg JHinshrabe indicate
hars womethol ol “inding the Jepih ol wirere Lhe

dishriontad assmihric o

L oo . : ;. : : 3 .
che AT fi2ld in diroct me L Gon) evor s oy Gif anhapied

along a line passine bhroush L oniconioer Lhe occurrence

'on the following nappearance (lorachay,

M
Zrzmﬁ[ﬂlz’ — x*) sin i+ hxcosicos A, (9,1)

in which h is tha depth of the cenbor, H o is Lhe wamobic momont of
the vody, A is the moenobic woimats of Lhs 2 brond of vrefijs
and i is the ansla of inclin:

or 4 arz

h¥cosicos A — 4h%xsini— 4hx?cosicos A 4 x%sini=0. 9,2)

akinm use of

small rolative te ohe
for Z, let us divide =yuibion
and third powsrs of th x_:t

EERAE

from which w2
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x, 4 xy==12x,,

108, 52p = .-

the P
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; .
(500 Losawehidv, )

(or A1) viluos;

pution in dapthy Jarem:

themselves 10 nrachice:

2 2
P
2x,

J=

in which

and x, is

Whara

curves, inducad by inclined

of grezat length and sreat dish

break ths curve up into wermm:

Langent) =nd tho ymztrical
the

gubsequans

1t ilons [tz

may b used is the prosance: of

on th2 side of the positive v

From the relabionship

are bangent nod Lhe Toearithm

the angle of dip of tha usbr

Rt

PR N
Lo,

corranonding Lo

=2V 3

Zmaz_

darctg

s opointa b owhich 7=

l/7Zmu 1

noints b owhich

“the 2 (ov AT)

Ly o

mamebizobion of o stratum

ribmition in irable to

triesl povbion (uhs curve of the arc

Y .
{tho copy tha Jogarithm,, with

crrye ol Lot

nre

critorion i is approwch

Sozone of nopsbive 4 (or AT) vl

aaine Lheomaxiioe sradiont.

ol Lho erdington Live cnuryves

i con poeeitie point we

anioh

foh Fanarsl

by a magnitude corrasponding Lhe

of magnztigition Trem th

taehniqpiz
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> . '

of the 9{;1\":‘%1) mabhod of solution bto 4 cpeeiice aemaly and for

rinding the origin of thy coordincses relabive to which the 2 (or At)

curva is divided inte curves o0 Bt ® Lhe sums

is the curve for bhe botal veclor p VZH—H? Lo the given anomsly -

corresponds Lo the condition thab thers boe -y dinelined sbhratum of
graat distribution in depth, then the [ curve will be symmebrical, ) -

and the oripgin of the coordinibes will be 4l point T = Toee
f ! M

Symuebrical 2 (or AT) curvis with negnlive values on both -

. . . . . )
sides of the band of posibtive vilnes provide the basis lor the -
assumpbion that thor: Loy a vortical sbratum of limited distribution =

r

in depth, 2 special case of which is @ body approximating a cylinder -~

in form.

In the former casz th: problem is r2solvad simply, if the

‘thickness of thaz body is la2ss bthan Lhe depth of cccurrence and

s nificantly less bthan ity dimeasiors cloass B diee The Yo llowing

squations are amone bLhon: hich o b owsad:
2

X
R=O,7;:, = LfRn__xf ; h=R—1,

in which i s thy donih o7 oconrrmes o Llvy cooter line of the
stratum, 2 1 is the paramabar wdong Lhe dip, h is tho depth ol the

.
ne oebweon points at which

: A 2 =0, and x, is 1/2 the distance holwaon points it which Z = 1/2Zm'\.x' o
The equation lor determining R is arrived ot by converting ths o

analytic. éxpression for the sbsciszsi o the point wb wihich 4 = ]/.’L’Zmn_/c‘

and calculation of its approxims; ——  I7 th2

practically equiwxisl (thet

is found easily b moeuns o

Cr——— : A
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Juzs on bobh

sufTied

sidos

numbor of

masnetis d vody,

rramitedey

oluiions found abhor for the eus

gy Pimibed wpptie Hility bocause

Sronaee Mt oin finding the

2oL formulan advancad.

noshollorecomn solnbion for the problem of ineli

" 3 3 N DA T 7 ~ ) v I v
straba by means of deri: As e oas the 4 (or AT) curves

i sipculir section re concernoed
over an oblique circul:r s2clbion s

Lhe
initial cylinder

j i % ¢ unit employed
perpendicular Lo its ax ¢ unit employs

for measurement ol length.

In Section L w2 found that hi:

by the cquation
from Lhz vertics

i SRR
-in which B is thes inclinat

of magnetic intensity.

Let us finid the point of
for vhich parnoss

the X axds,

Thus w2 obhtain
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Stbalibubing Ghe vilne of b 3 fron
g ing Ghe vilue of b from
aqabion (9.6), we oblain

X! —6xX, — h?==0.

From this it would be possible bo fiad h if the graph showad
the origin of bhe.coordin-tas ¢ ssponding Lo the epileonter of the
3
the eylindor.  lowovor > graph only vrovides the distanes
tebweon the values of 7 e o whrich we designabo as p and q.
Thus wa obbtain

Ky — Xg==q.

On the basis of the rousorine advanced in sxamining ‘the

ng »
question as to the location of Lh: centar of an obl igquely magne-
tizad sphare we arrive at

5
k=Y pg— Zip—qr. (9,10)

depth of ozcurrenc: of the axis of the cylinder of
circular section may also b found Ly separating the ssymmetrical

curva 2, or AT, into symacbric.d -ni asmwmctricsl pirts.

Imploying cquabion (r.1) ), dzgeribine the field above an
obliqualy masatined cylindar, lot ws v the symmebrical portion,
plotting curves for thz half s and il diffsronces of 2 in accord-

;

th the valuzs of 7 rpuidist-nt from the ‘r>’r'ig,(}n ol

thz coordintilos

/ ) . Rt —x? .. .
[Z‘ -+ x) -+ Z( — ,\)] =2M cos ﬁw, (9,1 1)

from oqu
Lo only by bthe
constant muitinli-rs,

of the 2y ond
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Sl avds of symnebey chi the eurevaes of bl

'

auns and half liffarencos are sioped, io fousd by srecting the

curve for the tola) T wvector, for shish il iy nzeossary So caflond e

the I curve ubt the oubsal oa tho given 4. The Jocation of th: T curve

maximun d2bevmines the origin of -Lhe ecordin bes in terms of which
.
the Z‘l and Z, curves nre plott

5 3 Lo

In certain casns, s parbion of the symmelrical portion of

the curve is possible o1 inelined slrabs with small disbtribution

in deplh and litile thicknnss,

depth of origin.

If mymelization coineid in direction with the dip of the
gtratum, the sxpression for 2 on the following appearanca:

)Y ) (| — — N R )
hy—+ (x + lcosi)? hy + (x — lcosi)?

which h1 and h, ars Lhe deplhs of Lhe uppsr and lowsr boundariss

the stratum, 2 1 is ¢ 1 thoulone Lhe dip, ~ad i is the angle

in which the
ibla
after it has been reduced to the common denominator, the relutively

)
small terms of the latter, containine cos i

bhaing minasted,

Tharaafter the symmetrictl tricil portilons

4 curve tiake on the wopenrinca

1 oM s Mh—x
Zy=5|Z(+ x)+ Z(—x)]=2Msin TR (9,14)

1 o —o . x(h, + h,)
Zy= g2+ %) = 2l — ) = 2Mcos i (o,15)

in which nt = 2be2 11,
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tiee Tacbors gin 1L and cos

¢ point constitubing

ction along the 1 ol

T curvs,

coordinates.

3313, the field
xYong the borders of

the 4 (or

AT) corve
and

abscissas

Lo deplin b, of the lower

ssion

(9,16)

which relates th»

Jer on  curve

form 7%

The simple anpesrin

Vien (2.14)

bl

(9,17)

at which Z:i‘/zls
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which &= ¢ o bhe peint abowhd
cpam bhe poink whers &= 0 Lo bhab whe

1abion

of  the siomegr:iu

The nomogram has bosa compilad only for ung

Los which a < 90°
Zma’

Zmin - Hownver, the ratio

order
to make use of the suggestaed romor sard :’;m:;zc “iin
vice veirsa (that is, Lo chines the siena of the ordinates of tha curves).
Aftar the decision [or the inyerbted curva hus buon fowv

only to take into consideration Lot the angls of inclinabion
"of the plane of conbret will be 180- @, in which @ is a volue b
from the nomogram along tha inverted 4 curs

This nomogram is us follows.

Lat us find on thoe nomogrun

point the ordinste of whicl

. J"| — X0
ratio taksn frem th: 2 curv> and the abseissa is the T -
-
25tablish which curves Trom i - ant nd the 5ot
through it and are clos=st

st it s ovalues ha-hy and O,

sponding bo the curvs itions dasired,
h,-hy baing located in t

whe

ha same conventional wnibs in which byh

~
given. Linl hy=hy - the product

Enowing the depth differan

these depths, wa find the valus of the depths dn convan

To convert the conventional units inbto  ziven wuiit of longth, we
obhtain from the graph tho nea babween the axbrome
in maters (or kilomabars) stion for the cnlzulabion

N |
of the transitional factor, fU:

d

- QV[%(h,—h,)clga]’ + kit
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difference batween the roots of the equatien (9.18). Calculating

the factor, we convert the and h, values into a specific system
K ’ >

of units.

In employing the graphic method of solution in the proposed
variant it is necessary to bear in mind that only 3 peints are
smployed in practice, while the position of the middle point, where
Z = 0, depsnds upon the cholce of the normal field. Limited employ-
ment of the points on the curve has a powerful effeect on the reliability
of the calculated characteristics of occurrence, in view of which
the proposed method can be used cnly for an approximated determination

of depths. Mere precise methods are examined belowe

The cases under examination embracs all the primary forms
of the simplest bodies for which the simplest formulas may be applied
for caleculation of the characteristics of cccurrence directly in
accordance with the values of the Z (or AT) fields. It might be
pessible to add formulas for calculating the compenents of eccurrence
of bodies similar in form to a vertical rod and to a horigontal layer
of limited thickness. However the need for formilag of this type
is hardly ever encountered in practices In the 8econd\p1ace they
may readily be derived in a fashien analegous to those presented in
the textbosks. It isn ‘
for sach case under sxamination constitute one of the pessible variants.
Here we adduce either those that find applicatien in practice or those

that are simpler relative to the equations presented above.

Determination of the characteristics of ecourrence of magne-
tized bodies by compariscn of the observed. field with rieids of various

-7 -
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shapes caloulated theoretically would be the simplest methed of all,
if it were possible to present in a reasenably limited number of
graphs all the variety in the shapes of bedies and their position
in space relative to the directien of the magnetigzed field.

At present, summary graphs of the magnetic fields of various
bodies of the simplest forms have been published only for the cases
of vertical dip and vertical magnetizabion, that is, for anomalies
represented by symmetrical Z curves. This last circumstance very
strongly limits the possibilities for the practical employment of
the diagrems now at hand (more frequently termed templates). A certain
expansion in their gone of application is being effected by the ave-
raging ef the right and left arms of the assymetriecal curves, which
inevitably carries with it an inerease in the error of the values

found for the characteristics of occurrence.

V. A Bugaylo, N. A, Ivanov, Te N Simoneke (Roge), Yu. Po

Tafeyev, etc, have werked on the development of these guide graphse.

Ne Ao Ivanov {cfe 1951) has developed such a diagram for
elliptical cylinders (Figurs 29), for a compressed ellipsoid of
rotation (Figure 30), and for vertical struta of infinite distribution

in depth (Pigure 31).
amployed as follows.

The ocurve observed in practice along a line transverse to
the trend of the bedy (or, where 3-dimensienal bodies are concerned,
along a line passing above the center of the occurrence), is laid
out en the scale of the graph. This means that wat and the distance
frem 7 to Z, equal to 1/2%, ., are taken to be such as thoy are
on the graph employsd. The 2 curve thus laid out (or the AT curve,

-78 -
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1f it is close to the symmetrical) is comparsd to the curves drawn

on the 3 given nomograms, to the first or third in the case of highly
slengated anomalies, and to the second if the contours of the anomalies
in the isolines appear to be nearly circular. If the practical curve
in the direction perpendicular to the trend, and, if we are dealing
with an e1lipsoid, that passing through the eplcenter, coincides with
one of the curves depicted, further operations ars performed to deter-

mine the depth.

R

(a) The case in which the practical curve coincides, when
rendered in the scale of the nomogram, with one of the curves for
the elliptical cylinder. The index of this curve is n = z/q, and
z = ng in conventional units. The factor of conversien is equal
to the number of meters (or other units) of distance from Zmax to
the point at which Z = 1/2zmax. If the stratum is thin relative to
its distribution in depth, then m(z-q) may to a certain appreximation
be taken as the depth h of the upper limit of the stratum. In this

case the true depth of h must be scmewhat smaller.

(b) In the case of coincidence between the practical curve
and one of the curvses in Figurs 30, on which the curves are given
for ellipsoids of retation, that is, when the anomaly is represented
on the chart by ssemetric contours, the depth of the center of the
eccurrence is determined in the same manner as in the preceding

instance.

(c) Should the practical curve coincide with one of the
curves in Figure 31, we find c¢ by the supplementary graph in accordance
with the cerrespending valus of n = h/e (the ratie of the depth of
the uppsr edge of h to the horizental thickness of the stratum c)y

and then we find h = nc in conventional units. The factor of cenversion /L
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first case examined

is detarminad in the same manper as in the
" ahove.

fu. P. Tafeyav (1950, cf) compiled a nemogram for locating

the paramsters of occurrenca of virticsl bodies of large lony axis,
and those of th: simplast brivd coron Jomarit
prochioal curve with

plifwing the process of comparing

20

Lheoratical (Fisure 32).

Ths plobbting of bhe temosram and the manner in which it is

usad consist of the fullowing.

The Z maximum is taksn to be equivalont to a conventional
unit, thz depth o;f. tha top ol the vorbtic:]l stratum to qu unity (h = 1),
and 211 linsar dimensions of hhe body and coordinatas of the points
are expressed in units of depth. Under these conditions, the- fisld
of a vertical stratum Zp thick and of large distribution in depth
t.akes on the following appsarance

_z _ _arctg (x+p) — arctg(x — p)
Zmax Qarclg P

and tha field of = thin verbical sbratum, in which tha distance

hatwaan-

Curves with differing p and q valuzs are depictad on the

subseripts of p and g on the

e

nomogram sipgnify h uni

o Thz nomégram, on translucent pipar, is liid over tha Z curva

&

and moved parailsl to tha coordinate ux3s until a point is reachad

pro'f'i‘din,q tha best coineidence 1 of the thzoratical curvas:

and the 2 curvas. The point of irbarsechion babwaan the

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



Sanitized C roved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2

2 eurve with the Tns of the b depth on bhe nomogran
ds the depth of crecurrancae in ww}dwvgy wiils have been used to
lay oub ths Z curvs.  Thab curve of ths nomegram which coineides wilh
the 2 curve is usad to‘dqh;rminﬁ Lz thickon uf A body of marked
distributicn in depth, or bthe vaeroical dimeng 2 slratum of

limited thicknuss and relabively 1imi

In connection with tho Cact that . magnaeic survey of'ben
aﬁegls chiangas in fizl [ 7 Lo ¢ boundary of largs massifs
rocks ol varying proj s, Lha prosent aubhor has cénmi]qd a
nomogram with thich to 2 < the depth of Lhuvuppv, and lowar
boundurizs- of the magnotic mussil for the case in which the 2 (or AT)

curve has equal absolule values for 2 and Z while the distances
! - Moz

N min?
representing the axtrems vsluss thersof, x. , from the Z = 0 point

are identical throughout 1=b s, o cas f vertical conbtact).

The resultant nomogram (Figure 33) is-based on equation

Toaking hlh' = w2 find x, =+10. Thz curves havs been
calculated for various vertical thicknessss equivalent to the differences
in depth, teo wit, 99, 48, 30, 20, 10, 5, and 2. All the curves ars

randersd in zccordance with 2 scalz on which me( numerically equils

N

In order to make us2 of this nomogram, ons plots tha
amploying the
used for tha nom A, A shich is on trans—

parent paper) over this curve. We find h, hl o1 the basis of the

coincidence with one of the th2erstical curvas. Given hyh, = 10C
- 12 ?

we {ind the valuss of h, and h, in cenvenbional units. o convert
1 2
them to specific units of Janath we find the conversicn Ticlor from

the expression dix, whare 4 is i istan n matars or kilonsters

PN
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between Z = 0and Z = zmax' as derived from the given curve, while
Xy = 10, It is obvieus that the set of theereticel curves for bodies
of simplg shape and direct magnetization may be compiled in various
variants. Such curves may readily be employsd for purposes of cempa-
rison with practical curves which are symmetrical er consist of 2

branches, the ordinates of which differ only in sign.

The majority ef the anomalies found in nature do not satisfy
this last requirement. Therefore successful and bread applicatien
of the method of comparison of practical curves with theerstical
curves calculated fer known objects require that means bes found te
depict the sets of asymmetrical curves for groups of bodies differing

in form.

1l. Calculation of Characteristics of Occurrence by Values of the
Anomalous Field at Vardous Levels

The faet that it is possible to measure experimentally or
te derive mathematically the anomaleus field at various levels greatly
simplifies the determination of characteristics of occurrence and
makes it possible to check the accuracy of hypotheses as to the shapes
of bedies in accordance with changes in the fieid related to the altitude

of the plane of observatien.

In making use of the values of the field at various altitudes
for calculation of the characteristics of eccurrence ene must give
prafsrence to the caiculat.ad and not the exj:eriment’ally measured values
at the new levél, as unavoidable errors of determination ef the coordi-
nates of the aircz;éft are capable of resulting in wide errors in cé.l—

culating the characteristics of eccurrencs.

Calculations of the field at a new and -higher level may be

-82 -
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carried onb

accord wibh tha accourscy o

n

matical work bring considerably lewsr than that of experimental moa-

surament.

Only whan it is n2cessiry bo determine the field in a plave
lower than thal in which Lho mensurs Lot 2n carriad oub in
| .
ttﬁe initial survey are ip2cih measuromam Las mors valusble (Lf topogri—
phi(‘,.zzl‘cond'i.bi parmib thom to bz om :'.}r:), as detormination of the
121d by analysis balow bthe given plane presants tha problem of the

superimposition of significaat orrors.

The practical valus of data on the fiald ab various lavels,
in cases where thars are w211 founded hypothzses as to the shape
of the body, consists in the fact that the possibility arises of
compiling very simple squations for the calculabion of the geometric

‘parameters of the body. Leb us clarifly this by an example.

Tt is known that calevlation of the c*i.*mracteristics of occurrence
of an inclined stratum of limited thickness and dis.tribution by depth,
basad on measurements in a single plana, prosents great difficultiss
in view of the fact that the developmont of simple equations makes
it nece‘ssary to use on tha profile, points of field values which do
not “always occur in nibtnura (522 Ldgachev, 1951, chapter t;h).‘ Howsver,
if we ars possessed of means of calculating the field at a new levsl,

t bacomes possible, for example, to make uss only of the distance

between thosz points at which 2 = 0. If we design this distance

as dl at the lower level, whars the field has actually bzen measurad,

as d; a;t:uleve]. h+a, and as d; at lavel h+b, ws compile 3 23uations

d? == cosec’a (h? — {*sin‘a),

&= cosec?a[(li -+ a)* — [*sin’q],

d; = cosec?a [(i 4 b)* — Psin’a],

-8} -
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the dapth of occurmmes ol i midline of the stratom,
Lomath mlmnﬁ Jhe dlp, e the sbratwn's mgle of
1n011niblon rolative to the borizon.

Solving this syshban of equations, w2 find:

—d? Da - (,F —d? \m

1 “'x
TR dh - (dr-d)u

If h is known, finding 2 1 and @ is simple and, with these,

product of thn )htdn 1Ly'of mufW“t1Zw jon by ths thickness of
the sbratum. Many other variants for ths -solution. of this problem

may. be proposad if obhar pointé on curve % or curve H arz to be

smployed.

Analopously it is possible to smploy the data for the ficld
at various lavels for any obhsr body of given shape ina varizty of
vquxn s which are not dszalt with herae becaus? of the zase with which
these variants may be arrivad ab. Let us 1imit oursslves to examining
2 cases which are capable of baing applied directly to the fields
obhserved and which are particularly important in the utilization of
tha first and second derivatives of 2 (or AT) Lo calculate the
chargct%ristics of occurranca of mumalizad vodies in thz face of

conpl-x anomalias.

Mow let us examine the 7 Cinld.of 20 inclin=d stratum of

great axtent and grest distribution in dept th, in which thickness

to depth of cccurranc: h. Ignoring t“a szcond

pow=rs of ths b/h ratio in tha famili axprassion for the field,
in this cas? w2 ot ain. a simpler eiuﬁtion:

T “9bh T Rt
Z= Isma(Z\mu'm ¢ wym +cosaln ‘;‘i’;)‘*f:;) any

Awnlymwv b 2 o (11.1), the formulas for_bhc>ana1vsis

of “tha arc tangant
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K 42x,higa — h2=0,
= htga_tlzseﬁ a,

1—sine
Fmax Tcosa -

Subsbiputing the value of x

e A0 m.{u::\Lion (11.2), wa obbtain

l—sina

Z, =2l L fnecose =2!b-lh—sina (1 +sina. (11,9

It follows from cquibion (11.4) that for a spscific body

hz;ﬂl' =,

whare ¢ is the magnitude of the constant for th: given body.

[

£l N s ‘ - -
In order to (iad h wa Jocube 2

at a new lavel, differing
max

at the

from the first by a known magnitude of Ah. Designating ”m'*)’
f ax

initial altituds by Zl’ and 2t th2 new albtiluie by Z,, we obtain
hZ, = (h-+ k)2,

from which we derive
Z,

=iz bk (11,5)

In order to determine the angle of slopz @ which differs

in the general case from tha real anple of incline dus to the deviation
from. the vertical of the vicbor of bhe mamebigad field

«mction under examinition, 1zb us enploy the ~hsed

sy for Z5. As bth= oririn o7 the coordinates in the profile is
2 2 ; 5
and -on the basis

wnknown, let us emnloy bth2 diffarence d = Xy-%.,,

of (11.3) 12t us write:

--sina
from which w

R e
n Ahi 4 d3
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{
If there is a sharp drop AkDd,  the following formila

~will snffice to.adequabe "accuracy

sina = 172(—:‘; ",

In‘order to find the abscissa of the peak of the shratum,

lc!‘,vus give our dttention to thz fact that the E’; ratio )3 according
to equation (11.6) z constant that cmxs;e;:-;uent.‘],ylr the linz conns

the abscissas of the :Zm:a.:c points at various levals is a straight line
passing through the lop of the stratum: Then the point of interssction
cof this line with 2 horizontal line druwn abt the h depth that has
baszn found, w.'Lle determine bthe location of the top of the sbhratum

s

at -the given section. Figure 3 illustrates the 7 curve above the
inclinad stratum, the calenlated 7 curves al 2 altitudes, and Lhe

graphic determination of the top of the stratum. The angle of dip

Iy . . e T
rhthe stratum, which is 607, is calculated by m2ins of the anglsa B.
v

Let us examine the (ield of an indirsctly magnetizad c;
In chapter 4 above we | e szl forth the-method of finding the
cissa of a point at which tho 7 curve attiins its macimum vedia.
Substituting the value of Lho nbscissa (Lo13) in axpression Z (14.11),

w2 find the equation for

. 1 ;
QM ('_? 'azﬁ)éow + 3 1gBsing

— 2M
Zon=pr T =5/0) (11,8)
(l+‘g‘lg-‘f1) .

in which IB is tha angle of incli ion from the vertictl of th:

vactor of. intensity of mumnobi
It is obviecus that -t

. will bo
: : TR
= s/ B
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Solving the labber 2 equations Jointly for h, w2 obtain:
Y2 Ap, (11,10)

- V Z'mn h

In order to find angle /3, let us employ the differences

between the abacissas of points x,-x., whore %y is the abscissa of
E b - B E

Zmat ab the level of origin and X, is the abscissa of Z ab the
“max < max

h+ Ah lavel. On the basis of agquation (u.l}), we find
Xy - x,::-‘.'i-.\htgp,
from which we derive o ‘
tgh=32 (1)
o . . .
O L (
lgo= g, (11,12)
in-which @ is the angle of inclinution of the veector of intensity

of magnetization.

The location of the center of the cross-section of a cylinder

of circular section is arrived at by finding the point of intersection

ol a horizental line on the ealeulated depth h, with a straight line

v

passing through the. abscissns of the qu, points it various levels.
AL

"igure 35 illustrates the given curve Z over a cylinder of
-
circular section witnh oblique magnetization, the derived curve 7 au

altitude h+ Ah, and the center of a cylinder of circular section
' . )

derived in the manner indicated, as well as the position of the vector
s - ' .

for intensity'of magnetization I. The [3 angle representing deviztion

. ) 1
of the I vector from the verticsl is. ) times as largz as ths angle 4”

which is formed by a straight 1linz passing through points % and Xo

and a vertical.

It is obvious from thez mathod of resolvins this nroblem that

whan experiment-l curvas ir2 emplovad 2t various-zltitudes the srrors
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Ahdng the megne amont:
may producy very Targz ervors in sl euls
occurranca, particularly in deriviag the

of thz upper adeg2 of tho strobum or the contar of the o

erlindars Wo thorelors recommend employaznt of caleulabed, nobt w

valuss of ¥ (or AT) at 4 now leval.

A

12.  Caleulation of Depth and Qbhar Charactoristics of Occurrszace

~

of Mam=tized Bodies by thﬁ Gradienls of the Z or AT Curvs

Devivation of the éhuruchuristics of cecurrzncs of magneti zad
bodies b zans of the higher :;rivwbiyss of magnetic potential has
the advantage that, in 2 cas2 of sup»finmo;ition of thz ma

fields of a number of bodies in n=zar proximity, bhe higher derivatives
of the magnetic potential of esch body decline with increasad distance
morz rapidly than the {irst derivs=tives. Thanks to this fact, the

affsct of the [islds of naighhoring bodizs on the field of a given

body declines and ths possibility of decipharing the anomaly increase

The analytical expressions for the second derivatives of
magnetic potential, which are readily obtained by differsantiating
R . P . py
tha expressions for thz Z or H fizlds (and also for AT) for a body
along a given coordinube axis, are very complicated.
et Al FhA T ' a - 3ol A
easy to convines on2sal{ of this if for-exampls we s2ck. o
for an instancz of oblique mignstization of a verticil stratum

"
L

of considerabls thicknzss. This consideration hns created such graat
difficultias thit the iden, advencad long since, of utilizing the

higher derivatives of magnztic havs not. found practical

an apnreximatad solution for the nreblam.on tha

of geomatrical conconts of viricus nigheor-derivatives, to wit,
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the samz derivatives of N and AT).

In 3ection 7 we have already employ»d the fields of differsnb
# ' '

bodies, developad in our concept as a consequance of the asswned

displacement of the body along the x axis by the disbance Ax,

Sor et P

and ﬁhg stb£f;éti§rﬁ ol the real body from the displaced one.

The réguiﬁ is ghe devé]opmont of imaginary bodies formad (rom the

side surfacas of the real ones, and of surfaces parallel thereto,
dispiaced by a distance Ax (see Figurs 18). On the ons hand we

obtain #n fmaginary body wibh excess, and on the other, with inadsquats,
magnetic mass. In other words one of tha imaginary bodies retﬁins

‘the intensity of magnetization of tha real boiy, while in the other

the vector of intensity'of magmetization relains its magnitude but.
changes in direction to its opposite. The forepsoing helds for strata
not only with parallel side surfaces but with convergent and divergent

" surfaces as well.

Plotting the derivative %é— graphically on the known Z fiecld
over a magnetigzed strabum of large horigzontal Lhickness, we obtain

a curve with clearly defined maximum and minimum jg%, corrasponding

to the 2 imaginary strata. Thz mutual effect of-the fie]d_df a single
imaginalw'stratum upbn that of anothar will be the smaller, the further
apart they are or in other words tha greater the horizontal thicimess
of the body expressed in units of depth of occurrznce of the upper
"2dgse Th; approxima

fact thab one assumes complebz absen

field of one imaginiary stratum on the field of-the
: . !

it possible’ Lo amploy rulabivaly simple formulas oxpressing the

com?lex formulas 2xpressing

intensities of isolated bodizs instond of

the Wa fialds of 2 imiginsry oodizs.
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InVéstigation o% the applicability of this mgtth showa
thub,-jn:ordcrAto obtain results with an error of les; tédn Sﬁ by
ﬁezns of theoretical curvos of‘an inelined stratum of infinite dis-—
tribution in‘depth,'hha horizontdl thickness of the stratum must ox-

ced the depth of occurrence of thz uppesr edgs approximitely 10-fold.

It the distribution of the bodies by depth is limited, this
reguirement is reduced, as in this case ‘the 2 (or. AT) Tield above
imaginary strata of limited thickness declines more rapidly with
inerasse in distance along tha g':lxis, and consequenlly tha field
of one stratum affects the 211« magnitude over the other to a lesser

N Tt -
dogree.  This provides a considerablas e<psnsion of bhe zone of appli-
cability of the method of calculating depth by the [irst derivative,-
92 op D)
dx x
be small rzlative to the depth of occurrsnea, particularly when it

« Howaver, if the verbical thickness of the body should

than the Adspth of occurrence, ths method under examination
able, as ths ficld of imaginary stra@n seetionad along
the adges of a real body of limitﬂd vartical thickness will approx—
imzte the field of a cylinder and not that of a stratim of limited

horizontal thicknoss and considerable distribubion in depth.

The moat appropriate objscls. for hmployment of this method

are areas with clsarly defined stepwise chings in the Z (or A T) Iield,
. : (

indicating th2 dividing line batween lares zaclopical forms. -Asrial
magnetic survey encountes

frequency.

If tha gzneral nature
draz the conclusion thut
body the dimensions of which, Srunsvers2 Lo its trand and its distri-

bubion in denth, w20l s2versi-reld lapth of occurrance of tha
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7
f

upbaPAedgc, then: tha curvas (inéluding positive and negative bfaﬁches)
obtained as a rséuit of graphic differentiati may be regarded as’
curves whose analytical expresssion is presented by équatioh (11.1).
Consaquently.gquations (11.5) and (li.?) are applicable thereto for

purposes of détormining the depth of the top and the azngle of -inclination.

We know that curve %%gdnas not depend upon the level of

the normal field selacted ana éonsehucntly.that the given method of
calculating the depth and angle of dip of the stratum does not
deﬁend upon errors in the choice of the normal field for the curves
of origin Z or "AT. This is ons of the advantages inhsrent therein,
relative to methods of Calculatjng depth directly from the curves
?9? field intensity;

)
If the problem is limited solely to calculation of the depth

of occurrence of the upper edge of magnetized bodies, and determina-
tion of the angle‘of dip is not required (a problem which arises,
for example, in the plotting of structural maps of the base of plat-
form regions), it is unnecessary to plot the )%é or jﬂggi-curve.

For the purpose in question it is entirely sufficient merely to find
the point of inflexion along the portion.of the Z (or AT) curve
selected‘and to determine the increase in the curve in the region
of inflexion in the interval between points Xy and X, (Figure 36);
Knowing that at the new altitude the maximum gradient undergoes in-
sigrificant displace We 255U at the maximum gradient at the
1 and Xpe
Therefore we calculate the Z (or AT) field at altitude Ah relative

new altitude will be in the same interval between points x

bo the starting point at only thase 2 points. The difference between
the Z (or AT) vilues at points»xl and X, at the former and lattef
Altltudés will correspoﬁd'tO'the Zl and 22 values ig equation (11.5).'
Thé %nterval determined by abscissas < and X, embraces the steepest

s

- 91 =

B
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pertions of the Z or AT curve, It makes no differense what units
are ampleyed to messurs the gradient. The depth iz arrived at in
the same units as those in which Ah is given.

Let us illustrate the use of ths methed by means of a practical
exampls. Figure 37 shows the AT field aleng a amall ssction taken
from a 13200,000 map in which the ordinates of the curves are depicted
in a scale ef 100 ¥ per cme Three wells have bsen sunk in this section.

The depth of the erystalline foundation is shown on the chart.

The width of the anomalous field, represented by pesitive
A T values, sxceeds 10 lm. Information is available te indicate
that the depths are about one km. Thus we are justified in using
the methed under examination. However it is difficult te uss curves
to calculate depths on this ecale, as the experience accumulated in
caleulating a field at a new altitude by means of a nomogram {see .
Figure 12) indicates that the new altitude must show as net lees than
one cm on the drawing, meaning that with the given secale it must not
be less than 2 km. When a field is recalculated at so great an altitude
the effects of magnetic fields quite a distance away are felt and:
this is undesirable. Therefore to calculate depth we draw the AT
curves in a st:ale of 1350,000, alse increasing the scale of the ordinates
te 50 ¥ per cm, with the purpese of ebtaining a more exact calculation
of the fisldiat the new altitude. In general it is a convenience
always to set the linear scale in such fashien that the new altitude
is reprssented by ons cme. It goes without saying that an increase
in the scale carrles with it a propertional increase in the errvors

in the eriginal.

In order to maintain the constant one-centimeter hsight it

is more conveniefit te set up the nemegram in a new ferm (Figure 38).

-92 -
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,or cohve'uence of calcu]aticm em‘l thlhi v*mam] 11ne is dmvm heavv

terval i*s d]vj,ded in 2 by 1 brokvn 1lines If ‘one 'so desire;, the- »all‘ :

i

: bf»the middle ordinatei

a,v be tdlfen cff"imnwdmtelv llong thu entire interv,\l,

o the mnan valup nuy be detemined at wach half :ntox V'al and the a.Verage taken

la‘ec vdingly. - The tanth 1nt°rv:fl -"'nds at infinity. F‘or thlq ‘Teason broken lmes

. .. ane used to _’mdlcate thc erst /5 » flach of these represents an angle of 1.89.

In eich’ of these thn averapr’ vﬂue of the ordinaté is divided by 5. Only ‘then

is it added to the total sum. The nomogrsm is symngtrical. The average or-.
’ ’ dinates on the rlght and left are Lotalw{ (with allowarice for what was stabed
; .‘gbove relative to fractions of intervals) and the total is divided by 20,

'Figl.ire 39 ghows -the upper AT cufﬁa of Figure 37 in enlarged: scale. T
has beén rélated to the level of the survey at altitude h, including the depth’ =
-‘;cf occurrence and a flight altitude of the order of 100 m. The new level, at : ' E ~-

‘ba.n‘altit»ude of 500 m, at which the A‘I’l value is calcﬁlated, is depicted by a
broken line drawn in accordance with the established scale. The. broken curves
I _nd IT depict the curves of the AI‘ gradient of the right and left branches of
the: AT curve at altitudes h and h+5&0 m (the symbols for gradient to right and
left are taken as positive). . . .

3

The depths are calculated in accordance with the rlght and left branches of

the curve, in accordance with equa.tion (“‘5) " W—SOG—IOSD%;'
! ' ’ h—WSOO—HNO M. : -

Mliminating flight altitude, which is 100.m, we obtain the depths along the
right and left branches, 930 and 940 m. 'Further, we find the edge of the magnetized
bodies by means of the intersections of lines determining the depth of occurrence, -

ZAN o T o

w1th lines connectlng the polﬂts;&lth maximum gradients at the h and h+500 m levels,
“-and thereafter in accordance with equation (11.7) we find the angle qf 1ncllne
_of thestraha. In the general case the angle of dip of the slope includes the
angle of incllnatlon from the vartlral of the vector of intensity of magnetiza— o
tlpn, but in the ‘given case, in which the bodies follow a course virtually along
- the meridian.qoufse, this arigle .is practically zero. However, if the angle I;
by which thervegtdr differs from the vertical, is cons iderﬁble, the calculated
b ébgiq of slope must be reduced by an.angla of 90°— T.
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écction dxrough the mmgnet{zed‘hodicn ia 1]1&5trnbaa along the AT cnrve,
depth and the ansle of dip of the middle body being depicted on the assumption
that these compenents of oceurrence nre identical, in 211 3 bodies.

Yor :hw second and third Al curves, depicted on Figure 37, the depths are
calculated in accordance with the gradients near the points of inflection, at
altitude h and h+500 m. = Along the leff branches Qf the curves we find a depth
of occurrence (After subtraction of Flight altitude, 100 m), of 900 and 900 m,
and on the right arm we obtain 1,070 and 1,170 m.  In view of drilwihy dati and
information on the topography of the base rocks in the given areia, wWe miy Cons
the results of the calculation to be completed satisfactory. In this connect
we must remember that the materials with which we are working are copi copies

'
and that the ordinates are given on 4 smaller scale than on the magnetogram.
Srrors in drawing the curves, particularly in the region of maximum gradient,

!
have a very major effect on the results of the calculations. This makes it
necessary to make use of AT curves taken directly from magnetograms in the same
or larger scales. The normal field may be chossn arbitrarily. Strict correc-
tions for temperature, daily variations, normal gradient, and zero-point creep
are not required, as the calculations are based on short serments of route trips,
covered by aircraft in only a few minutes.

1J.  Calculation of Depth and Other Characteristics of Occurrence by Means of

the Higher Derivatives

The preceding paragraph shows that the method of calculation of depth in
Perms of maximum gradients of the curve at 2 levels cannot be used if the thick-
ness of the magnetized body exceeds the depth of occurrence only slightly. In
order to reduce the mutual effects of the fields.of imaginary strata, we resort

. : . . e “Fan
he } e < 2 0 (A7)
to the higher d r1v4t1v<§, to wit, a9 °F di 4

As in the preceding instunce, we shall not seek an analytical exnression
g ’ i Y

for theksecond derivativs for bodies marked distribution in depth and any degree

of magnetization but shall employ the available expression for the field of those

bodies of simple form which may bs conceived of as sources of the field depict
. . ‘ . e .

by the second derivative. ‘ : o !
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e rvnzrd bhe firqt dcriv&bivw s a mmpnitudn proport1onaﬂ to tho Iiéid o{ i
2 inﬁ;:irmry n,t‘r:»\ti t;\kc' as secti_ons :Llong hhrj" aides of the bﬂt%ic st}ra'uu»m." We
regard:theysecqnd derlva1ivn as a mdynltude proportional to the fi?]d of 2 hodies
”ariSingias_ﬁﬁe fe sult of "fubfractlnp" each of* the imaginary ‘strata from the sune
r;tr#ﬁum displaced by a distance Az (Figure 40). As a result of~th19 isubtT 1ct10‘"
we obtain a body pf horizontal‘occurfence, with a section in the forﬁ of a parallelo-
gramland 2 bands of reverse polariﬁy, the thickness of which depenﬂ$ upon the angle
‘6f~dip, The distaﬁce between the middles of the bands is Ax. -Figures of this
't&pé_appear'on h Qides of the real gtratun at a distance equal to the thickness
of the stratum.,vThe field of the paired bands, glven a sufficiently steep angle
of dip, may be regarded as the dcfivativé of 3 highér order, and may be igmored.
'Ho,ev;r the field of a body having a section in Lhe form of a parallelogram may
be regarded 55 that of.a cylinder; This is‘@ntirely permissible if the value
chosen for Ax and z are a fractlon of the depth of occurrence. 5implifying the
formulatign, we may say that if we are given o field 2 (or AT) over a stratum of
considorible extent and distribution in depﬂh, tﬂa second derivative of 2 (or AT) -
. .
along x and z is proportional to the fisld of 2 figures scctioned along the corners
of the. stratum, whereby one of the fiqure§ is magnetized in the same fashion as
the real stratws and the other in the reverse direction. The shape 5? the cross
section of the ligure is n;t jgnificant if the lin2ar dimensions of the section
constitubas only a fraction of the depth at which the upper edge is located.
.The mutual effects of the [inlds of 2 eylinders decline sharply, relﬂtive"
to §hé,mutual effects of the fields of the 2 strata, so tHat the-gqugtibns de-
‘veloped for cylinders may be applied to the positive and negibi ranches of tho
V curve, sven in cases in which the thickness éf the stratur exceeds the
depth of its upper edge by a fictbr Sf only 2 or 3. In Ehis czae the depth of
occurrence of the center of a cylinder, corresponding tha depth of the upper
.edge of the stratum +\1/2 Az, is cnlculgged by means of equation (11.10) and
Lhc anple of dip of the vpctcr for intensity of ﬂ“ﬂ.?tizatioﬁ, co?reswoﬁding[

to the ann]: of dip of the stratuﬂ,,+ odoa > L, zlculated on
. -

equlit:im‘ }1 1)
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thed with bhe data of

e techniques for employing the
aaria) mimebic surviay are as Pfoliows.  In wecordance with the. daba
of the AT curve, culculabed directly Mrem the mametogram, with

ratention of the scale of the ordinabs, and enlargement of the linear )

scale to I!.:,”;0,000 (or 1:25,000, if tha depth of oceurrance is exprzssed ,
i) § ., -
wor draw the ‘-1'—{;\—:-’—— curve. The gradient : -

in -the hundrads of mzbo

mo is taken ab onz cm in tervals on the drm:l;m,z and is drawn on a scals 7:,7, ) -
nob f"i.ne:r than 10 gammas per cme  The curve obtnined is proportional e
Lo the curve over inwinary abriba sacbloned anlong the edges of the -
sbratum. apply Lhe franilt o0 neihod of caleulabing the field at N
: a new elevation differing {rom the inibtial elevalion by one cm on T
" the scale of the drawing. - -
: a In accordince with the initinl curve of the gradient and i - -

the calculated curve at the new ~ltitnde, we plot a curve for Lhe
2 e ; ; 3 e 90D . anee wit i -
differential, which will be eurve —e— - In accordionce with this

scale, Ax = Oz = 500 msters. In the case of an isolated stratum

and minim: ot points =

the curve will have clearly definad
) e
i

corresnondine inmrocim:bely to proizchions of the adge points o

b omeny sbrabta, Lhe mmber of prired

tha scetiorni.  Should ther

In order to

maxima and minima will ratlect Lhe mamber of stre

1pply equatioﬁ (11.10) it is necossacy to cileulate

and minimum curve.at on new altitude, tor adimple 500 m (on~ cm on '

curve for the d

the drm»!in'g) aheve the level to

2lvas to ealenlation o

i

assuming thab the mucdmua nd mimipern ol bhe new low altitude are

Jeulate

beon oo limited duorac, we

displaced alony Lhe

ths values of thin field only <t ooints @ cerrsspomling to » positien

of - the maximuen soad minimun of b

manner we derive the 4o reomdinsad tor

I

it
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valus of the fi2ld at the new altitude must be calculated at many

points, so as to make it possible to plot sepments of tha curve along

which the position of the maximum and minimun would be evident.

‘LeL us use an example to explain the utilization of this
method. Figurs L) illustrates the AT curves along 2 routes, 6 km
apert. Ths segment contains bore holes, and th:z core and seismic
data have been used to establish the upheaval of the foundation rocks,

shown in the drawing by broken isolines.

The midportion of the upper curve, within the bounds shown
on the drawing by dashed lines, is presented on Figurz 42 in a
different scale (the working drawing had a scale of 1:50,000).
Along this curve we plotted the 1%%9 , the middle, solid curve, which
was then recalculabed for an altitude 500 m different from that at
which the measurements had been taken (the broken curve). The lower
segments cof the curvas depict the difference between the continuous
and dashed curves éé%ﬂ s that is, the ﬁggz curves. The ordinates
depict in graphic fashion the maxima of the second dsrivatives at
the given level and at an altitude 500 m higher. The calgulabed
values for the depths, raduced by "202=250 &, and at a 100 m fiight

altitude, are shown in Figure L41. Figure 43 shows the results of

calculations on the lower curve of A T in Figure 41.

It should be noted that when the second derivatives are used
the error in graphic depictién of the initial Ai‘curves effect the
results to an even greater degree than when the first are used. As
the starting matsrial is a copy of a 1:200,000 chart, in wﬁich the
AT curves are doubtless different to some degree from the original. .
record on the magnetogfim, tﬁe'exﬁmples of calculafion adduced ﬁust .

be examined primarily from the viewpoint of the method of calculation

and not in terms of practical results, although‘ﬁhe latter are in

-7 -
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ract satisfactory to an adequate degree. The left side of the upper
curvs in Figure 41 has not been employed in the calculations because

in adjacent trip routes the AT ourves for this side are entirely
different and it is therefore impossible to assume bodies of unchanging
shape covering a significant area. The angle of dip of the bodies

hag not been caleulated, as no significant displacement in the maximum

of the second derivative at the new altitude has been revealed. This
Lestifies to vertical dip. However the reliability of this conclusion

is doubtful in view of the small absolute values of the second derivative,

In Pigurs 42 our attention is attracted by the symmstrical
inflexions of the second derivative (the right side of the drawing).
If they are reliable, they reflect the inhomogeneity of the magnetic
rocks, to wit, the chief meximum and minimum signify the side boundaries
of the magnetic rocks, and the secondary maximum and minimum, the side
boundaries of theimore magnetic roecks in the central portion of the
section, The reliability of the conelusion depends upon the degree
to which the infinitesmal changes in the gradient of the AT field
represent the true state of affairs. This may be established with
difficulty on the initial AT curve.

This method of calculating depth doss not depend on the level

- of the normal fisld selected. It is also elear that itz use does

not require corrections for normal gradient, temperaturs, daily varia-
_tions, and gero creep by the existing mesthods, as the caleculations
are based on short sections of trip routes 20 - 30 km in length,
Measurements on these sections take 6-10 minutes to psrform. During
this interval changes in field not related to geological structure
may be regarded as being proportional to tims (except in the case

of magnetic storms) and insignificant in magnitude. The linear change

in the fisld by the value of the normal gradient does not affect the

results of depth calculations.
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The previous sections have been devoted to examining the
methods of determining the dimensions, shapes, and position in space
of magnetized bodies, that is; problems of geometry independent of
the composition of the bodies in terms of their substance. Formal
mesthods of resclving geometrical problems do not exhsust the possibi~
lities of magnetic prospecting as a branch of geology. The abstract
examination of the shape of magnetized bodies, separate from their
content (the composition), is merely an auxiliery means employed at
a glven stage in the geological interprstation of magnetic charts,
The fact is that before standard methods for the solution of geome~
trical problems are put to work it is necessary to have some concept
of the geological structure of the given district, geologieal infor-
mation on the particular course along which the work is being conducted,
data and conclusions arrived at by other msthods of geophysics, ex-—
perience accumulated in magnetic prospecting under analogous conditions,
and to employ these and our kmowledge of the intensity of magnetisa-

tion of rocks.

After the components of occurrence have been ce.}_lculatad the

geogetrical decision arrived at is checked both by general data on
and by specific data on the particular district

under investigation.

Checking in this manner is essential in the first place
bscause the geomstrical task is rasolved abstractly, on the assumption
of homogeneity of composition of both the intrusive rocks and of
those revealing distinctive magnetic properties and on the basis of

uniform magnstigation,
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The purely geometrical solution of the problem cannot bs
considered in isolation from study of its makeitp by substance. In
debermining the latter, magnetic survey opens the way to description
f rocks by magnetic intensity. In the general case the facts accumu~ o
lated make it possible to classify rocks by this characteristic only

into very broad categories, usually described in qualitative terms, -

highly magnetic, weakly magnetic, and virtually nonmagnetic. The

former include the ultrebasic and certain of the basic rocks, while

the latiter include virtually all sedimentary rocks. The weakly mag-—

netic varisty are encountered in virtually all classes of rocks,

magnatic, sedimentary, and metamorphice

The classification of rocks by magnetic force being so in-
definite, there is no basis for efforts to determine composition by

the strength of the magnstic field.

However facts show that magnstic prospecting is in successful
use as a method of finding and determining the contours of rock bodies
of specific composition and the projects are planned in accordance with
the particular types of rocks to be sought. Thus, depending upon cir-

cumstances, one seeks to identify peridotites, granite, etc.

The objectives of magnetic prospecting are even more specific
when ores distinguishable by their magnetic properties, magnetite

ores in particular, are sought.

The fact that it is possible to pose the problem in this
form and to resolve it successfully is explained by the fact that.
in the first placs the data of magnetic survey are not taken in isclation
from geological and geophysical data on the area under investigation
and in the second that rich experience has been acoumulated in the

application of magnetic research under various geologlcal conditions
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for the solution of various problems.

Above we examined a number of instances in which data obtained
by magnetic survey wers employed to explain geological structure
without the use of mathematical analysis by resorting primarily to
examination of the composition of rocks and the relative dimensions
of vooks of verious compositions, veflected on magnetic maps as anomalies
of speeific force and si:ze (Figures 22-25)s For example examination of
Figure 22 showed that outcrops of anclent rocks are surrounded by
offusives(trap rock) the arsas of distribution of which are determined
by meane of their magnetic fields. This is known from first hand
pamiliarization with the locality. If finds clear expression on the
magnetic chart in the form of small enomalies of various intensities.
In subsequent work the connection found between magnetic field and
geologiczl structurs is employed ii the geologlcal elsrification of

anomaliss of the same type in adjacent areas.

et us examine another example. Over a large area where
the Z~aeromagnetometer was quist due to a relatively depressed field
a weak magnetic anomaly was found at an altituds of about 400 me
When the altitude of the aireraft was reduced the strength of the
anomaly increased markedly. This resulted in work being undertaken
on the ground on the assumption that the anomaly was caused by an
occurrence of iron ore (Figurs 44). The results of the survey at
ground levsl established the fact that the strength and shape of the
anomaly did indicate the presence of a body of high magnetite content.
Tts shape was that of a shest the top of which was close to the smrface.
A11 these concluslons were based on experience, avallable data on
the magnetic intensities of various rooks and ores, and general theo-
retical conclusions as to the spatisl distribution of the fields of

magnetizged bodles.
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The use of analytical methods of calculating ths components
of oceurrence and magnetic intensity confirmed the hypothesis that
the body lay close to the surface and the probability that the exis~
tence of the anomaly was related to the presence of a body of iron
ores. One might think that in the given instance magnetic survey had
done &1l that could be expected of it. However we cannot fail to
pay attention to the fact that the iron ore body was discoversd in
the midst of rocks whose anomalous magnetic fields were practically

28Y0.

This gave no reason to assume that the body was of contact
or magnsbic origin, as in the former case one would expect to find
some change in field during the transition from one type of rock
to the next, and in the sscond case the anomaly would occur over a
generally elevated fiedld of vardied intensity. The hypothesis which
would therefore appear to be best fou;';ded is one assuming an occurrence
such'as iron quartzites, and subsequent drilling bore this out.
Determination of magnetic intensity by means of aerial magnetic
findings must becoms a standard precondition of geological interpre-
tation of a magnetic field. Identification of rocks by magnstic
svidence, with the dgvelopmsnt of hypotheses as to the class to which
the given rock belongs, is important not only for the ’case under

for subsequent use.

The data on the ma.gne"cic properties of rocks at our disposal

have been compiled by ilsolated measurements of magnetic susceptibility

and residual magnetism. Our data on the latter is exceedingly meager.

The acoumulation of data on the magnetic intensity of rocks,
determined as a.n average for each body as a whole, offers wider possibi-
1lities for identification of rocks by the characteristic in question,
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~wagsad on analysis of mamobic churts ciploving conclusions dirivod
. . 1 :

from othar geophysical msthods and all availunle weologicsl daba.

A . T v ; . ~ ~ 4§ - " H v s 3 vy 4 . 4 y h 1 1
Caleulation of the vector of ronk masnabizabion intensity which in
s

. At .
the seneral casy constitubes the gzomebric:l tobtsd of the vachors
oft induced and rosidual wmagn:bizibion presanls no ‘dif
dapth of occurrencs, the shipd, and the angls of dip or
3 b ' y ' . )
hody ars known. Thus iff it is establishod Lhal ths bady
a vertical shoat covering o sonsideradle intierval of

adduced in Section 9 above is applicabla.

n

- £ - - . -
o1 Tt is easy to deriva the formula for caleulabing I for ot

simpla cupe wbifieabion as welle Opecifieally, i1 the dapih

of cceirrance be | bad by use of the 4 {or AT) curve, the mienstic
I , )

) ’ .3 N P . . ’ .

intensity T muy ba caleulwtd in accordancs with 2qubion (11.4) in

which b = Axe. VWhan th2 s=cond derivatives ars used, s

ma3y b2 amployed in which
ed by =quatien (11.11)

’

may b2 neclactad,

of ‘the normal fizld, the position o” which js of

caleulating depth of occurrrace bpr investigibion

LR
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CHAPTER III. METHODS IN AERIAL MAGNETOMETRY

The methods used in field work and in the subsequent elabo-
ration of aerial magnetometric findings must be in pccord with the
object of solving the geological problem posed as completely and
accuratsly as possible with minimum expenditure of means and time.

The basic questions of method concern the degree of accuracy required,
selection of type of instrument, choice of survey routes, elaboration
and presentation of the results of the survey, and methods of geolo-
gical interpretation of the results. They are resolved in accordance
with concrete geological problems with allowance for the technical

and economic conditions involved. In all cases the accuracy with
which the magnetic field is measured must meet the highest standards
technically attainable, limited solely by the equipment and consider-
ations of sconomy. Aerial magnetomsters that provide the highest
accuracy now attainable are considerably more expensive than other
models. Therefore to this day aerial magnetic surveying often smploys
light Z-magnetometers, relatively inexpemsive to use, if the prospecting
problems in question have to do with discovery of magnstic anomalies
of éignificant intensity. This would apply, for example, to the search
for magnetite T ing for oreg of contact origin
in zones of contact bstween basic and ultrabasic intrusions with ore-

bearing rocks.

The data obtained by Z-aeromagnetometric survey which may
involve a factor for error of 100 in sither dirsction cannot be used,
with rare exceptions, to calculate the dimensions and depths of
occurrence of the sources of anomalies. They are ussd primarily to
isolate areas offering worthwhile prospects for further work from'.

- 104 -
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the ground and to provide data supplementing available information
on the geologieal structure of the given district in accordance with
those changes in magnetic field revealed by topography which are
characteristic of rocks of high magnetic intensity. Measurement :of
the magnetic field to the minimum error possible with the given
equipment is a rule to which there are no exceptions. This require-
ment camnot be relaxed under any conditions, as the more agccuratse
the measurements the higher the accuracy to which the problem is
resolved and, further, the greater the possibility of utiligation

of the data to resolve problems of geological mapping.

The same considerations govern the requirement that surveys

with the T-aeromagnetometer be as accurate as possible. Data obtained
by aerial magnetic survey with the T-aeromagnetometer are successfully
employed not only for general characterization of strustural forms

but for caleulating the depth of occurrence of the sources of ancmalies.
This is very important in the study of the geological structurs of
platform regions with thick sedimentary formations. The fact that

the results of these calculatlons are no more than approximate is
sxplainable to a considerable degree by the fact that the methods

of calculating depth now applied are valig’ only for the simplest
anomalies, which are relatively rare in actual practice. If the anomalies
observed by aerial magnetic survey differ somewhat from the theoretical
fislds created by bodies of the simplest shapes, the depths are calcu-
lated within an error the magnitude of which is only slightly depen-
dent upon variations in ths error of measurement psrmissible with

the T-aeromagnetomster. Under these conditions the requirement of
minimal errors of measurement does not justify recourse to the laborious
procssses of surveying by ground teams in terms of the practical value
of the impswwed data obtainable in this mamner.

- 105 —
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CalewZabion of bhe szrotd and biird ivatives of the mametic:

 poten£.;i é it "'fvb ' ethoaq of malhsnats ‘» analysis to éulculnte
‘dépths noﬂ onlir {or Vhﬂ q]mvl“¢h but also.~or complex magnatic ano=
ﬁélies and simulb&nunuslyvto.obtniﬂ significunt apprdximatipn between
the Cﬂ]culdb,d and rea) depth vaiues. In this ase high aceuracy
e b .

of maasurement bocomds of decisive impovrtancs.. This is clear from. .
 th9 ghcoty~oi the mvthéd and from the examples adduced above., Thare-
fore the requirement that the %J"1=Jf iceuracy attainable with the .
given typs of aeromagictometor be obLainxl ié most important. In
diséuﬂsingrthis quastion it is impossible to leave out of consideration
the nesd for cpnstnnt perfection of methods of calculating depths

and othar éomponénts of occurrancae in accordﬂnéc'with magnetic measure-
ments. New methods are applicable not only to new surveys but also

to these previocusly performed. However the accuracy of the solutions
found is always diractly related to the accuracy of the starting data.
The equipment now in use i abla of providing mesasurements to an
accuracy,.as determined by repesated measurements, of s 4 (60 {+10%)
with the Z-aeromagnstometer and of B 4 (10 +1%) with the T-azromag-
netometer. Specific accuracy requiremsnts in individqal instances

are governed by the plan of work and the instructions in effect.

lélk, orrnlltinp the Measured Values for Intensity of Magnetic Field

to_the Locality

In.aérial magnetic survey, me asurnmant of the magnetlc field
is . qduc*ed at .points ths positions of which must be determined by
the use of 3 coordinates. It has ‘become 1ccented that ‘the resulta
of the moasurpmbnts are d9plct°d in a plzne formhd by. the x and y
coordinates, the7third coordinate_being described -in ‘the text. : It 'is
‘usué;ly the general charact ristlc for flinht altltude, although in-

'.‘mény cases data af hi ph arcuracy are avmllqble for the Z cooxdlnate in®
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the form of radio altimeter and barometric altimeter records. There
i3 no nsed to demonstrate the importance of gquantitative determina-
tion of ths third coordinate {(altitude) particularly in cases in
which the data of zerial magnetic survey are employed to c¢aloulats
depth and the other components of occurrence of magnetized bodies.

The techniques and methods of determining the coordinates
of an aireraft in flight are examined in special handbooks. The
aecuracy with which the location of the aireraft must be coordinated
with the locality is speeified in the rules. Here we deal with certain
problems in the latber field related to specific features of the work
whieh in the authorts opinion should be reflected in the instructions

in the future.

It is an absolute condition for aerial magnetic survey that
the rough maps used be scaled no smaller than the scale of the aerial
magnetic survey. This condition is always met if the aerdal magnstic
survey takes place after asrial photographic mapping has been completed.
The requirement in question may be neglected only if the procesa of
survey on a given scale demonstrates the need for a more detailed
study of the field on particular routes, which is carried out by means
of particularly precise landmarks, and also for large seale aerlal
survey (scale larger than 13100,000) over areas for which topographical
maps of the required scale are lacking. In prospscting to solve
pressing problems of the national sconamy, the absence of large scale
maps (that is, 1150,000 1f the aeromagnetic survey is made on that
scale) is not permitted to be an obstacle to the fulfillment of the
work, as the main problem is resolution of the question as to the
§'resence or absence of particular resources or afeas offering good

prospects for further prospecting by ground-level techniques.
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.In conneetion with the purpose of asrlal magnetic survey,
the results of whieh are made use of in subsequent geologlcal research,
tﬁe most important consideraticn is correct navigation by the nsarest
distinet landmarks, which are later employed by geologists on the
spote In desert areas and over waber orientation of the measured
field valuss inevitably has to be either with distant landmarks
or with geographical coordinates. It is obvious that subsequent
determination of the necessary points on the spot requires that the

corresponding technical means of determination be available.

The permissible error of orientation depends upon the concrete
geological problems to be solved by means of aeromagnetic survey and
is determined by the scale of the survey, which as a rule is coordinated

with ths scale of the geological studies.

The scale of the aerial magnetic survey is determined by
the distance between trip routes. Adherihg: to the average standards
of trip route distance per square kilometer of area, aerial magnetic
survey is baged on a distance of one km between trip routes for work

on the scale of 13100,000, and 2 km for a scale of 1:200,000, etc.

In addition te this standard of scale, there is the require-
ment that the measured values of the magnetic field be matched with
2 spacific degree of accuracy to the locals, depicted en a map of
the same scale. The instructions of the former Ministry of Geology
permit "displacement of curves or of individual anomalies” to a value
squal to half the distance between the working routes T-aeromagneto-
moter surveys (Paragraphs 108 and 133)s In the graph this corresponds
to § and 2.5 mm respectively. Thess requirements require‘ elucidation
and deviation from them is by no means always a suff:lcient reason

to discard the fisld data as the instructions provide.
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The procedures for cheeking and evaluating accuraecy of
orientation should if at a*.l} possible be independent of msasurements
of the magnetic field (photography, radio direction finding, ete).
However, if the sonditions of work afford no such possibility and
the error in orientation is capable of being determined only by repeated
measurements as provided in the instructions to which we have referred,
4t is nesessary to determine more strictly which components of graphic
description of the field permit comparison of the repeated measurements

for evaluation of the errvor in orientation.

It is impossible to check orientation by the location of

ths AT isolines on the map of the magnetic field, as this is dependent
to a considerably greater degree on the'error in maasuremeh’cs and
the field gradient and also upon the choice of the normal field, which,
strietly speaking, shows different degrees of error on sach trip routes.
Checking in accordance with maximm Z (or AT) is possible, but the
1solines of the meximum values employed are usually so wide as hardly
to be of value. Narrowly localized anomalies with e¢learly defined

. linear axes are adequate for this purpose. In the first placé however
they are not always present on the map. In the second place sharp
peaks may be sheared off, in which case the location of the maximam
will depend to some degree on the direction of flight. In view of
these factors, fairly low requirements for accuracy of orientation
havé to bs placed ugon. charts of magnetic field given in isolines.
This does not prevent ‘rfham from serving the practical purposes for
which they are designede Thé fact is that magnatovgrams provide the
data neeessary for calculation of depths and other components of
acourrence to utmost aceuracy and in most satisfactery fashlion with

a minimum of preliminary slaboration. Wherewer:-this is possible

is0line maps need be used ohly to clarify those:major geological
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charasteristics of the given district that have escaped the attention
of the researcher in determining the details of the geographical

structure requirsd by ths scale of the survey.

Evaluation of error in the coordination of data and locality
by means of the map entries for geological contours required by the
scale of the survey would be the methed best satisfying the practical
problsms of aerial magnetic survey. However these errors result
chiefly from the methods used in geological interpretation of the
magnstic fields In view of the fact that to a first approximation
the line of division between rock bodies having different magnetic
properties is determined by the position of points of inflexion of
the AT curves » it must be remembered that it is comparison of the
positions of these particular curves that is most important to
evaluation of error in location by repetition of measurements. The
position of these points is not dependent upon the choice of a ™normal®
field or in the overwhelming majority of cases upon lag in the recording
of fleld intensity., In choosing the directions and lengths of repeat
routes, allowancs must be made for the considerations set forth above,
and the routes must be planned to go in directions intersecting
clearly defined anomalies. As far as the concrste requirements for
the accurasy of location are concerned, these must be related not
only to the scale of aerial magnetic survey but to the scale of the
geologlcal studies of which the aerial magnetic survey is a part.
From this point of view the requirements set forth in the instruetions
are insufficisntly rigid in certain respects and too demanding in

others.

In the prastice of aerial magnetic studies it. may happen
that particular portions of an area studied within a given scale have

to bs investigated more acourately in conneation with géographieal
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work on a larger scale.

It is clear from the data of surveys performed that when

the strike of the rocks is clearly defined it is not necessary for
the trip routes to be set more closely togsther., All that is required
is to reduce flight altitude and railse the aceuracy of orientation.
The totality of all available geophysical and geological data provide
grounds for confidence that under the given conditions the problem
will be solved in accordance with the scale on which the geological
research is being conducted. When this economically profitable variant
is used, formal ccnsiderations relative to observance of the estab~
lished relationship between the conventional scale of aerial magnetic
survey and the requirements for accuracy of orientation must yield
place to demands flowing from the purpose for which the work is being

conducted, demands that are more rigid in the given instance.

There are also conditions in which the scale of the aerial
magnetic survey is known to be several times larger than the scale
of the geological structures that can appear on the basis of aero-
magnetic and other geophysical data plus that obtained from widely
spaced drill holes. By way of example let us cite the 1:200,000
aerial magnetic survey of Western Siberia, the data of which are

£ largs structural forms and to
calcuiate the depih of rvcks entering into the composition of the
foundation of the platform. The structural chart of the plaf,fworm
basement compiled on all available data, iriciuding that of aerial
magnetic measuremsnts, is hardly capable of satlisfying the require~
ments of a millionth map (the requirements for which have not been

developed as yat).

However the desirability of carrying oﬁﬁ the asrial magnetic

- 11l -
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survey by means of routes at 2-km intervals is confirmed by experience,
which demonstrates that only with routes so clogely spaced is it
possible to selact a significant number of simple anomalies for which
the depth of the sources of the anomalies may be calculateds With
reductién in the scale of the survey these possibilities undergo
pronounced reduction.. It is obvious that in connection with the de-
velopment of new methods of calculation of depth the’ mmber of points

at which depth will be caleulated increases several fold, but the
geomebrical structures will in accordance with the calculated components
of occurrence always contain an additional factor of error, depending

upon the elaboration of questions of interpretation.

If in the given instance fulfillment of the requirement for
accuracy of orientation in relation to the scale of the survey causes
no complications in the work, thers is no reason for reexamination
of these requirements. However, if complications which render the
parformancs of the work more difficult should arise, then in connection
with the ultimate geological results of the work it is necessary to
anvisags the possibility of deviations not reflecting upon the accuracy
with which the geological results are depicted.

In this connsction it is proper to note that the exceptions
to the general rule about a spscific connection between scale and
error of orientation under exemination here testify that the criteria
for determination of scale of aerial survey now in use are inadequate.
This is true to an even greater degres to many-sided operations at
ground level, in which geophysical methods are brought to bear to

rasolve a geological problem within a given scale, each of the component

methods being used to resolve partial problems with a different grid

of points of measurement and partial overlap of the areas.
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The inadequate raflection of the essence of geological surveys
in the concept Mscale of aerial magnetic survey' 1s the most convineing
argument for the acceptance of exceptions from thes general rule as
to the relationship between the scale of the survey and the accuracy

of orientation, relative to the geological problems in question.

The method now in widest use is visual orientation of the
aircraft by landmarks. Maps drawn on the basis of aerial photography
on a larger scale than that on which the aerial magnetic survey is
run (or on the same scale, if the survey is on a scale of 1$200,000
or more) provide a good foundation for visual orientation, if readily
recognizable landmarks distributed with fair uniformity over the area

under survey are available.

A chesck on the accuracy of visual orientabiqn by local
landmarks as given on 1:100,000 maps conducted in the West Siberian
lowland by pilot S. K. Vereshchagin, employing photography of the
locale, gave the following results.

Error Number of Instances

Not over 100 m 400

From 100 to 200 m Th 14
From 200 to 300 m 20 L
Not determined 19 I

nmo— m—

513 100

Included in the indeterminate error group were those cases

of check sightings in which it was not possible to determine the
lotation of landmarks on the basis of the photographs.

The methiod of control adopted is not complets, as the error
in orientation in the territory between fixed landmarks remains

unclear. Howsver, if the overwhelming majority of the points are in

-13 -
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good agreement, there is no serious dangerr of significant drift off
courss or sharp change in speed in the inbervals between landmarks.

In the given instance the orientation of the routes completely
satisfies the scale of the survey, as conversion to graphic form
would, as the table shows us, result in a displacement of 78% of the
control points by less than one mm and only 4% of the points would

veveal a maximum displacement of between 2 and 3 mm.

Present-day radio commnications make possible a significant
sasing and precisioning of navigation. The possibilities inherent

therein are now undergoing verification in practice.

Brror in determination of altitude has thus far not been
given attention by workers in aerial magnetic surveying. With the
increase in accuracy of measursment this question takes on majer
significance, as high acouracy of measurement and orisntation in the
horizontal plane cannot be used to the full if altitude is given only

in approximate form.

The final data usually states the altitude from which the
survey was taken either as an average or relative to the airport;
points at ﬁhich the altitude was excaeded also being indicated.
Reliable determination of flight altitude above the earth's surface
within ;-‘;he boundari »
for further geological examination is possible only to within a very
rough approximation when valuss are‘ given in this fashion. This is
partioularly trus in cases of broken terrain. Changes in terrain
in an area where the magnetic properties of the rocks are fa_irly
uniform may show up as significant changsu.in‘magwxetic fiaeld, which

will be interrupted improperly if the chénge in true aititude be not

taken into consideration. Anomalies due to identical geological

-1 -
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formations ocourring however at different levels in an area of

chenging terrain will differ. Calculated depths will be referred

back to planes the position of which, relative to the earth's surface,
nave not been determined with sufficient accuracy. A1l this testifies
to the indubiteble necessity of determining altitudes with high accuracy
aleng all points on the route by equipping the aireraft with automatic

recording radio and barcmeter altimeters.

In work with the Z-aeromagnetometer, when the survey data
is not used to determine depthe, it is sufficient to have periodic

altituds recordings on the baromstric altimeter.

The scale of aorial magnetic survey, which is determined

by the geological problems to be solved, requires that the investi-
gation of the magnetic field and its deplction be cenducted at the
same level of detail. However the detail which the work is capable
of revealing depends upon flight altitude, distance between flignts,
acouracy of measurement of field intengity, and accuracy of orienta-
tion of measured data to the locals. All the foregoing conditions
of survey are closely interrelated. Only if each is determined upon
‘in coordination with all the others are we sure of dsriving the data

P

reguirsd

The distinctness of anomaly boundaries inecreases with reduc-
tion in altitude and in distance between flights, but the cost of"
the survey per unlt area rises»appmximately in préportion to the

Consequently the increased costs
of surveying on a larger goale must be justified by the advantages
that may be extracted from a more detailed aerial magnetic map.

- 15 -
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As flight altitude inoreases so does the breadth of the
area covered by each separate trip. The distences between routes
may be incrsased accordingly. Consequently there is an increase in
the area of survey provided by each running meter of distance coversd.
While increase in altitude provides 2 gain in area covered, we lose
in elarity of contour for each anomalous field, due to the diminution
in intensity of local fields. It is obvious that aeccuracy of field
measurement is a limiting factor relative to the increase in altitude.
The greater the accuracy of measurement, the greater the flight .
altitude permissible with corraéponding increase in distance between
f1ights, and vice versa, all other conditions being equal.

The problems of covering the area completaly imposes a
specific relationship between altitude and the spacing of flights.
However complete coverage of the area is by no msans a general
requirement, because if overall course of the strata are known, it
is perfectly satisfactory to depict the contours of anomalies in terms
of interpolation of the field in the spaces between flights.

When aerial magnstic surveying is run in connection with
gearch for oil and gas deposits the scales employed are 131,000,000
to 13200,000. This typs 61‘ survey has to be the most accurate, and
therefore the work is always performed with automatic T-aeromagneto-

metars.

The major geological problems of the survey are determination
of the major directions in which the structurs runs, discovery of
m'pa!'tant tectonic faults and their boundaries, and determination

of the depths of occurrence of rocks giving rise to as.a et:ag x_mm.:.ua,
with subsequent: anp]nymnt of the calculated depths to plot structural

maps of the foundation of the platform gones.
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Surveys run at 5 or 10 km spacings between flights provide
data accurate enough to meet the first 2 probleﬁs abovs., The depths
of the scurces of anomalies are csloulated at a small number of points,
in view of ths very limited possibilities of the methods of calcula-
tion now in use. In conjunction with the geological interpretation
of the materials of small scale surveying, areas are chosen for larger
gcale surveying. The purpose hers is geological investigation in
greater detail and, in particular, more detailed tracing of structural

forms and the tbpography of the basement rocks.

Miliionth and half-millionth surveys having the object of
finding large geologlcal structures may be run at an altitude of
about 1,000 m above ground level, in which the effect of the magnetic
£1eld of small forms becomes infinitesmally small and only the magne-
iic field sreated by large structures is recorded. However experience
ghows that the magnetic fields of small geological formations may
be used as check points serving to render precise the shape and
dimensions of the large structures which it is the purpose of the
aerial magnetic survey to reveal. By way of example we adduce on
11lustration of the magnetic fisld over one of the large depressions
in Western Siberia. The elevated fisld over the depression is bounded

by a sharply varying field over folded structurss adjoining the

depression on the east and west (Figare 45).

in altitude reduces absolute error in caloulating the depth of the
sources of anomalies, the tops of which are aseumed to relate to the
depths of the bagement x;ockag For these rsasons, millionth and half-
millionth surveys are run at 300-500 m above the locality. The deter-
mination of altitude within permissible limits is based cn‘ the require-
ments of safety in flight.

The 13200,000 surveys for sxact determination of struotural
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forms and developing the topography of the basement rocks must be

run at the lowest possible altitude, zs reduction in altitude dimi.nishs's
the error in calculation of depths by increasing the intensity of

the anomelies and reducing the absolute error in caleulations.

Assuming that there has besn no change in relative error, Over flat

country this type of survey is usually run at 100 m altitude.

In prospecting for ore bodies, 1:200,000, 1:100,000, and
1250,000 scales are the most common. If the bodies being surveyed
create strong magnetic anomalies, as 1s the oéaa with large magnetite
oeourrences and ors bodies related to contact zones of basic and
ultrabasic formations, the Z-asromagnetomster is employed. However,
if weak magnetic fields have to be studied, it is the T-aeromagneto-

mster that is used.

Survey on the 1:200,000 scale is used for specific identifi-
cation of large bodies of magnetic ores and primarily to spot arsas

meriting further work which are then subjected to more detailed study.

Te relation of occurrences of specific types to contact
gones, frasture gones, intrusive rocks with identifisble magnetie
properties, ete fasilitate study in the senss that perspective gones
may be fouwT@™iong relatively widely spaced routes, while detailed

gtudies are needed over rather small areas.

The zones of contact rocks with varying magnetic properties
are readily identified by characteristic shanges in magnetic field.
Ore formation in the contact mone, accompanied by segregation of
ferromagnetic minerals, results in an inorease in the intensity of
the magnetic fisld near or on the boundary of the transition from
the positive to the negative fields. In connection wif.h the relatively
slight dimensions of ore bodies, the megnetis fields of the latter
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dscline rapidly with inerease in altitude. This means that 1t is
desirable to conduct the survey at the lowest possible altitude.

When ‘a large number of flights are made across the conbtact
line there is a high probability that some of them will intersect
segments enriqhed by ferromagnetic inclusionss From thege findings
conclusions may be drawn as to the prospects offered by the econtact
gone thus discovered and mors detailed surveying may be conducted

within the boundaries thersof.

Contact zohes of iritrusions weakly differentiated in their
magnstic propertiss from ore bodies often prasent considsrable practical
interest. This is true, for example, of granitic intrusions in
nonmagnetic sedimentary or sedimentary and metamorphic strata, In
this situation, the zone of contact with the matemorphosed rocks
may be discovered either by the changes in field over the metamorphosed
rocks in the contact mone, if they are magnetic, or by psculiarities
in the field over the ore bodies. In the former case (Figure 2,)
one myy assuse relatively emall anomalies which are clearly defined
at low 2ltitudes but disappear bat high altitudes, in other words, .

snomalies that are definable only in low flights.

In enother case (Figure 25) the contour of the large granite
intrusion, which is practically nonmagnetic, is identified by the
presence of magnetic anomalies or individual bands.of strongly meta-
morphosed rocks intersected by intrusions. In Figure 25 the line

of contact is defined with clarity insufficient for it to bs depicted
with aggurafce of acouracy but clearly enough for areas to be marked

off for detailed study of the contact gzone onia larger ssale.

Large frasture zones may show varying magnetic charagteristics,
depending upon the composition and shape of geological bodies thersin.
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The Question ag to flight altitude must also be resolved in favor

of minizua altitude, as a characteristic sign of a fracture zone is
apt to be a confused magnebtic field possibly dus to small intrusion
forms. At high altitude this characteristic sign may disappear and

the field will appear no diffsrent than the field of adjacent areas,

One of the major objects of survey on the 200,000 scale,
in addition %o the specific search for occurrences, is dstermination
of the geophysical sigs indicating the degree to which individual
areas offer prospects for the mounting of more detailed studies.
Pploying kmown data on the presence of ore bodies, geological bodies,
and individual discoveries on aerial survey on the 200,000 scale,
it is necessary to establish those zonal changes in the field with
which knowm ore bodies or thoss found by survey are connascted.
Determination of gonal criteria for the prospects inherent in an area
sreates the conditions for economic plenning of further surveys by
the methods of aerial magnetic surveying. In meny cases general
principles are ssteblished rather simply, as for example with contact
ores in which megmatic rocks are sharply differentigtad from the
dres by their magnetic properties or when deposits oceur in fracturs
zones characterized by the strong magnetis properties of the intrusions
therein or when the objects of investigation are related to strong

magnetic intrusions.

However cases are encountered in which industrial findings
ave noted on the magnetic chart in the form of isolated anomalies
obsarved against the background of a magnetic field lacking any
distinctive signs over a very large territory. An example of this
1s the anomaly ovér the iron ore vesources of the Angara-Ilim district,
which shows up in a 13200,000 survey in the form of sharp negative
peaks along isolated flight routes againat the background of a quiat
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fizlde It is possible that whan the accuracy of the msasurements
is inereased it will prove possible to sstablish a relatio

between theae ore bodles and specific zones in which good prospacts
may existe AL present however the prospscting here demands that

flights be made only one km apart.

In studies of ore bodies a preliminary 1:200,000 survey is
not an sbsolute requirement under a2ll conditions. It is desirable
in areas that have hod little geological study where general geophysical
signs indiceting good prospects are decisive in selecting districts
for dirsct prospecting. Where geclogical data exist it is not necess- -
ary to confirm ths prospects of speecific large areas by preliminary
survey on a relatively small scale. On the contray surveylng on the
1:100,000 scale should be performed at once, or 1350,000 in areas
of particular sconcmic importance,

With regard to aerial magnetic survey for mapping purposss,
it may be stated that we have not given attention to the completeness
with which the space betwsen trips is covered, dus to the fact that
when flight routes ave ﬁlotted across the trend of the rocks it appears

entirely proper to f£ill the intervening spaces by interpolaticn.

When ore bodles are subjected to dirsct investigation the
situation is significantly different in that, for one thing, the
oceurrences sought may be lost in the spaces betwsen the trip routes
and, for another, the trends of the ore bodies are not always strictly
in accord with the course of the rocks. Conssquentlj the question
arlses as to the Qompletsﬁesa with which areas betwesen flight routes
have bean covered. It is obvious that as flight altitude is incre-
ased the territory covered by sach separats flight inoreases but the
fisld intensily of each objest decliness If the acouracy of the
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i,a%éesﬁ‘poésibne arej whiars snomalias of giv;n sizz are tound (a
in:acﬁuai_préctice, anomalies of hypothstiéal arai, bﬁéed on g#o]ééf
gﬁd“géobhyéical ekpariénce),vit_bﬁccmss ueceéswry to establish the
,cohﬁéétion'getween £light altitude ;ﬂd distnACc bdtwraan ﬁriﬁs 3t 3.

* glven accuracy of measurement.

Thé problam i3 Eesoived easily.when Lhzvpxrwmcters
objacts under study, dimsnsions, shwpe; and meumetic an,n-fby,
: known.  Howsver undef 3l conditbions the data rzquired for the
caleulations - are always condition=d nssumptions, so that corractions

must be made on the basis of field data.

Let us examine ths problom of altitude und disbancs betwsan

flights as they apply to bodies of various shapes.

(1) ‘The objects of sxamination is an ore body of indeter—

. mlnatP course, not penctrating to excessive depths, which may be

_reggrdedvto.a first approximation as a sphera.

'The vérticalfCOmponanf of'the magnetic fleld of thn upHPTlCdl

ica 11y magnnflznd is deqcrLvoln in thn horizontal plnna

T as follows

i arn
‘ in-‘v&hich M = Tv, me'-r,ming, that’the magmetic momsnt of the body is

mugnetic intensity; r is

¢ to ths Iade’bf observa-
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potibe must: pass through Lhe zons in vilnes have baen measurad.

Assuming a {ilxed sconracy o M2asis yazinh, e he’.,ex"mne +h mininal

waliz, 2, wnich will be rigad dafinitaly by aeriad survay with the

given type of m enabometars iven o knowledgs o bhe
mean’ SQUATE BrTOT, M, ih mensupement with the given instrument, et

r Z2¥m. in zccordance with the 'z'-‘.zmi_]iar ruls.
a constant, ws rrrite (17,1) as follows:
(r’+x’)“/f-=A(2r’-«x’),w o 7(17,2}'

which

s dapendance of T Upen K,

that 1s, the PLignt albituds vol.hive Lo the inbterval babween roulos.

By means of this

given value of A,

Solving the problem of rinding the maximum function by ‘the

'qsual method, ws f‘md
5(r'+x’)"’ (r+xx’)—-2A (2r—xx‘)
_assuming x' = 0, we obtain

" 5(r’+'x‘)"’-—4ﬁ, S N e
(_) r’A"’-—x’—-O 862 A28 X!, ' (17 3)

ertmg the ‘valuz of. (1’7 .3) in (]7 2), we ‘find:

086282 A =1, 724 Ay — 3,
X2 = 0'344 A,
x = 0,585 Al%,
r=0, 720A‘/'

The ze m&’,tr‘i.c:)._l »positi_on”oA hhx tmﬁts govE rning the -maximn wldm
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'

: { :
 Figure 46 depicts” th- 2 {i2ld of tha sphere in verkical
LT - §
ST e . . i B
section, expnsssad in'millioersteds, piven M = 10 (thaf‘is, B=50 m,

,I‘=’0.2). If thv meas ur~d Z bz taken as 5 millioerstads, bthe maximim .

'farea cdvered‘will bz at an albituda of h = 150 m above ground level, ‘ ) . -
: giVen,x = 160 m, if we gTe the depth to the upper edgé of ﬁhe
bodv. blnd1np this point on th: drawing, w» reévdily see that if the ' e

flight altltudo ba vxrlad in either dirsction the width of ths balt

covered w1ll decline sighificantly. - C o i .

If the measured value of Z be taken a8 one mlllloPPSt”d . -

wefmd1wmﬂmﬂvLhwx_omﬂr~3%mh—4%u(Wlnommmes

in this casz the anomnly will b=z [ound al flighls betwsen 250 and

300 m sltitudes along routes 500-600 m apart.

We see from tha drawing that if under given conditions we -
work -from an altitude significantly different from the optimum, qu, ) e i

150 m higher or lower, ths probability of missing the anomaly will

increase to approximately 207 in both cases. The optimal ratio is - ' N ? -
determlnﬂd by th@ rough formula that the distance "be twLen trip routes

is twlce the fllghu alLlLuic. o i : .: I . : - . 74? )

(QQ.IThe bbjgcts.soughb'nre ore bodies of no clearly—defined‘

" dirsction, but covorlng a COH%IUGP’DIV de th (collmndr de 05i ts).
» } ]

The eqUatlon for the Z curve zlong a line pASqlnA through

‘the” epicenter oF the depoqlt is "oresﬁed by ths equation

X

(17,9

> intensitf;_apd a~i§lbha top . of thc

Al bitude, ré?abivg,ho_whibh'wa unlact thp depuh
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conv:rt

Ah ._:.:x(hl_*_xl)lp; )

“in which

From equition (17.5), which eatzblishes the relstionship

hatween hoand x, w2 may find E—- for oy b Towaver, inviesw of

Lo complexity of the anulybissl

19

sion, w2 sh.dl confine cur-

salves to an examinabion of Fisurs 47, in which bha 2 risld is d2-

)

picted in the form of % 5 in vertiesl secbion, gi
(for ewxnmplz, § =200 %,/ =05 ). Lot us wssum: for example that

1

Lhe measured vslue is Z==3 #3. Jo will find that .x, =360 #

whon - h=270 #. Consequently ab o (Tight altituds of 270 m the

st by of bhe order of 700 m, so

datormined for = sphorical deposit.

5 concarns depoesihs irficsnt olongntion the guasticn

2a to distance bstwsen routes may smined indepondent of altitude,

191t is previously known thal tha flight paths will ba psrpendicular

“ioto ‘the long sxisg of the ora pody, nnd the long sxis is not shorte

than the space batwsen f1i Wi pablise  ilowsver the conrss of an ore

vody .is not always knoww in advmcewvzn when the predominant. course .

; . . i H o = - R B
jiRAstcl ;5 disbribubad across the arsa under sbudy is known. Leb

o

"uAs s3e what »rél;lxbionshtip.should 2] hatwsen altitude’ and spacing

* petween prths to permilit-complete” the

<

‘roubzaé are parallal ‘to the long :

‘peeurranc: is:

“normal to
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7 0100005-2
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in

udq,
save oub of consld=rat10v the depth,ae

ce of-the deposib.

fL and Z to bs given, and’

h’-}-x’»_QAlx

Solving the pmblem to find the

it axt=

x'=0,
C h=a

Substibuting the value wo have fo

we obtain

from which we derivg

or in other words complate coverage of the

most economical flight

“and the distance between_

For example suming the thicknes
N b

.. }z 0,25 cgsm, we obtain =25. 10> cgsm

sured valus of 7 to pe 5 mllllomr steds, h

e

‘ d15t4n00 botwaen flight paths should b

(A) The Z fisld of a vertical st
uhiﬁynoss, given vary

ion (h.?).

Cenparls

oee

altitude be determined by equation

flight paths is twice

great distribution in depth

on with which we may

urrence of the upper sup-

s

that

X))

h

n: i‘U mum, we obtain::

und for h in equation (17.7),

22 raquires that the
=5
b=z

the flight altitude.

ss or the stratum to be 2b
- I we assume tqa mea=-
will be SOO m, dnd the

I\I\I\M

ratum of considerabls

s 1s expressed by

LA
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U e
AT TR
4ADh =R+ x* = B2,

2Ab==h+xx'x,

____25’ 1
he=2Ab= z"z

44 = ot

= .-ﬂ/th + 1zzAb~ 7
mhih i, that we obbtain Iesul s idenbical with thoss in tha preceding

'hmfmce .

(5} -The Z field of an occurronce of eylindrical form i3
gyprosgsd. by equation (1‘.5), in which h is the depth ol occurrence
ot tha eanter plus the (Llight altituds, it bsing asswned that the

.depth'hf,occurrence of ths top of the deposit is negligible compared

Lo flipht altitude. In that cass w3 Fawribe the zgquation, assuming
! i T ’ g

(h? 4+ X2 = 2A(h? — x?). (17,9)
Takingﬂthe firvt'dem'vativc‘ to be zern, W obtain

h=+x2=A xm,--VA h*

£ LJUbStLtutlng the value found for iy, inbo (7. 9), we find -

A’ = 2.4(2h’ — A),
A’ =4Ak‘
£ a7V A

H=V,Ey un‘aew-' iy
cx= OSV
Tet us., assume, for example, that the I"{dluf‘ of a c:chular
e‘ct‘i.él through the ‘cylinder R is 50 m, the magnstic mtenslt,,r I is

2 cgam, and the measured value of Z is 5 millioersteds. Then:
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R e

- (6) Te Z fisld of the vertical sbrabum at its wltimabo

'_‘_distribution in depth is expressad by bthe 2quation

. h—1 . . k41
_Z=2*' [(h——l)w:«' TRl ],

in which (L is 2bI, 2% is the thicknzss of ‘the stratim and 2 1.is

 the vertical dimsnsion of thz stratum.

Taking lf}— = A 2nd solving thz problem for Kpogs W2 obtain
. A . K

4

: 4A
Xmax = T¥oA

e o LU ANI+34)
L R

%hﬂdmﬂm A»l;wcnmﬁhlmer%ﬂ)m&mﬂxmehﬁ@m
" ay which the survey was btaken and ths distunce bebween flight paths,
identical to that obtained for a cylinder. lowever, if thes value
of 1 and of A is of the sume order, th: ratio batween altitude and
distance betwezen [light paths approaiches that established for a
vertical stratum of considernble distribution in depth (Figure 48).
Theoretical study of the magnstic field of bodies of simple
forms leads to thé conclusion tﬁnt in ordzr for the entire area of
to be covered, the disba?ca betwaen fligﬁt paths must bz
apprg;{imately twice tha [light al’c,itude; ’i.i‘ the anomslies Aare éreéted
punctuaté sourcés‘close to. the surface of the earth. A more than

2-fold increass in the intervals batwaon. f1isht paths ralative to

flight altitude crsates conditions under which the anomaly miy be

' Yost in the interval betwsen paths.

“The real objects of prospacting always are of some Iength.:

fhis nged ‘only b2 200-300 m for it to be possible te allow a‘con—':

" -sidsrable increass in.the ratio bstween the factor under examination,.:

igtnnca batweon' flieht puthe and tha altitude.
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If the altitude of flight above the locality be set at
100 m and must not be higher due to the risk of missing the anomaly
begcause of low intensity at significant altitudes, the distance between
£light paths, with allowance for the dimension along the trend, may

bs set at 500 m.

Any further increase in the intervals between flight pathe
would make it impossible to be sure that the aresa will be complstely
mapped, within the rsquirement that all bodies ai least 200-300 m

long be spotted.

1f experimental work and available geological data provide
reason for ?s@n_g confident that at an altitude of 200 m all anomalies
<;f 'pme‘%im ﬁiﬁereé't will still be intense enough to be recorded,
it is more desirable to work at this altitude and to increase the
intervals between flight paths to 700, 800, or even 1,000 m. This
involves the assumption that anomalies of practical aignificance
include only those grsater than 500 m in length.

If minerasl deposits are long and the flights are transverse
te ths trend, the interrelationship between flight altitude and
distance between flight paths disappsars. The distence betwsen routes
is determined in accordance with length and the aititude is as low

ag possible.

The experience of asrial magnetic prospecting for highly
magnetiged varieties of ore, confirms its praqticality, provided
that the method of sw-arch be rational. There are no standard methods |
of work applicabls to all conditions. The only thing that holds
squally for all conditions is the necessity for comparative study
of mmstic'fisld and geological map for geophysical signa of ore.
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This requires that the work;begiri at the best known areas, and that
known deposits be included, if any such are present. The chacking
of the planned method against known deposits permits rational solution

of the most important problems of approach. ) : »,‘ -

In prospecting other ore occurrences, related either to
intrusions of given composition or to contact smones or soms other -
geological environment depicted on the magnetic chart, problems as
to distance betwesn flight paths and flight altitude are resolved
in analogous manner. Conbact zones of largs extent will be revealed ° i
if the distance between flight paths is considerable, while the '
intensity and nature of the field are best studied from a raduced.
altitude. However, should it be necessary to study small intrusiens,
the shape of which approaches the equiaxial, then in this case as - —
with bodi_es of iron ore of small extent the need arises to coordinate

the distance bstween flight paths and the flight altitude. . .

In aeromagnetic work the measurements along different flight
paths are often taken at differing altitudes for the purpose of shedding
1ight on the nature of the various ancmalies by the gradients of their
Fialds and to assist in calculating the depths and dimensions of the

objects giving rise to the magnetic anomalies. _

Measurement of the 2 f_ield above and below the initial level,
with the purpose of evaluating the field gradient, may bs Justified
if the Z magnetomster be employsd, as the accuracy of the measursments
is nob high enough to make possible smployment of methods of ealcu-
lation. As far as measurements made with the T-asromagnetometier - -

are concerned, further measurament of the field from altitude that is

-.13C -
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only slightly higher is of no graater practical significance than

is the determination of the values for the field at the given altitude
by caleulation. It must bs remambered that the values of the risld
measured at various altitudes must be closaly matched to all } ecor-
dinates, a conditien that is not always met by any msanse In this
situation caleculated values for the new altitude determined by

caleulation are definitsly of grsatsr advantage.

Measurement of the field at a higher altitude may be of
practicel significance in the sclution of special problaems, for ex—
ample, experimental determination of the normal gradisnt aiong the
vertical. It may also be useful in certain special cases, when
calculation is inpossible for some reason. This would be trus, for
sxample, in an effort to caleulate a field at s very high altitude

for an area near the edgs of ths zone surveyed.

Should it bs necessary to study the field im a plans lower
than that at which the survey has been taken, it is necessary under
all conditions to give prefersnce to measursd and not to caleulated

values, as the latter involve considerable factors of erTor.

The undesirability of measuring the magnetic field at
various altitudes is further supported by t_hevfaet. that meauurmnt;s
taken by field expeditions at more than one altitude find no practical
application in the majority of cases, although certain usaful oon-
clusions may be drawn. By way of example let us employ the AT curve
msasured at 4 altitudes (Figure 49). An examination of these curves
shows that they do not fully correspond with each other, a circums-
tance that may be due elther to erfors in measurement in the field
or in the faoct that the routes may have crossed, which would repre-

sent a crude error in plotting the routes. Ths normal field also

-131 -
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shows errors. Specifically, it is considerably stronger taken from
the highest altitude than it is taken from the lower. It is obvious
that this data is unsatisfactory for purposes of exact calculation
of components of occurrence. Nevertheless it 1s possible to draw

certain approximated conclusions.

Without giving detailed attention to the general geological
interpretation of the field under sxamination, for which it would
be essential to employ a map and not merely a cross-section, in
addition to the magnetic field and all the other available geological
and geophysical data, let us note only that the given cross-section
clearly rsveals the boundaries of at least 3 types of rocks (in the
broad sense) significantly different in composition. On the right
there are rocks that are virtually nonmagnetic and homogeneous in
composition. On the left there are rocks whose magnetic intensity
is of the order of 5‘0'10-5 cgsm and which are homogeneous in com=
position. The rocks in the middle show strongly varying magnetic
properties and as to the nature of which we shall atempt to offer
certain hypotheses on the basis of the measurements at the various

lsvels.

The shape of the intensive anomalies at the lower level
justifies the hypothesis that vertical strata of relatively slight
thickneass are present. In this case Zmax = 2)(;1—3;—2-, in which M is
the magnetic moment of (the section, and hl' and h, are the depths
of the top and bottom of the stratum. We are now in a position to
write 4 equations for the 4 altitudes at which the survey was taken,
with 3 unknownse corpecting the inaccuracies in the curves notsd
above in relation to the level of the normal field, and measuring
the magnetic field of the strata on the left from the maximum values
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of AT, we obtain the following values for ATmax’ 3,800, 2,000,

800, and 3607, Employing the 3 lower levels, we find the depth
relative to the lower flight altitude: hy = 220 m and hy = 8,800 m,
The solution thus found satisfies the value of ATM at the upper
level. Now let us procsed to the next large maximum with its values
for 3 levelss: 1,400, 460, and 180 Y. By the same procedure we find
the depths, hl being 105 m and h2 2,600 m. The values of hl found
for the 2 separate anomalies may bse regarded as being very similar,
as elimination of the faults in the curves may give rise to errors
affecting the results of the calculations for hl and h,e For this
reason and also because of the general similarity of the anomalies,
the geological causss may be considered to be identical. Judging
by the intensity of the field near the uppsr edge of ths bodies,

as found by exbrapolation, we come to the conclusion that this

anomaly may be causéd by rocks with high magnetite content.

The fact that the first anomaly is in the vieinity of a
contact zone leads to the thought that there may have been contact
metamorphesis of the rocks accompanied by the formation of a magnetite
deposits But from this it follows that it is also nacessary to explain
the othsr anomaly, 12 km from the first, on the hypothesis that
contact phenomena are observable almost uninterruptedly (basing
ourselves on the low maxima) over a distance of more than 10 km in
a direction perpendicular to ths long axis (assuming that the survey
has been taken normal thereto). This hypothesis is so improbable
that the first presumption, to the effect that the anomaly is related
to an iron ore occurkence of contact origin, must be abandoned, and
another more probeble supposition made insteed. Thie latter is that
the entirs cemtral field of the anomaly represents metamorphic shalss
through which there are scattered rocks of high magnetite content.

-133 -
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»

Investigstion of this hypothesis will involve the use of maps of
the magnetic field, and all avallable geological and geophysical data

on the area. e

Both the example cited and other data on measurements at
various lsvels lead to the conclusion that measurements made =zt
different altitudes for the purpose of determining the depth of
occurrence and the dimensions of bodies must satisfy considerably
stricter requirements as to accuracy of measurement and orientation.
Special attention must be glven to accurate plotting of the flight
routes in a uniform vertical plane, with strict adherence to flight
altitude. The difficulty sncountered in adhering to these conditions
prasents convincing proof that it isdimpler, quicker, and cheaper
to get thisg data for calculation of depth by caleulating the field
at various altitudes by the data obtained for that on the lowest
altitude. In cases where practical considerations do require
measurement of the fleld at a new altitude, orientation must be
as exact as possible along 211 3 coordinates, with no deviation in

fiight path from a single vertical plane.

In the absence of clear landmarks along the route, one
must either dispense with surveying along the route selected or

set out signals on the ground for purposes.ef visual orientation.

All measurements at each slsvation must be made in the
course of a single flight, and under the most favorable possible
meteorological conditions. However each such series must be taken
twice at the respective altitudes and the measuremente must terminate
at the altitude at which they were begun. Fulfillment of these -
requirements assurss minimum error due to the choice of a "normal™ e

fisld, and to gero cresp, as well as closs adhersnce of the flight

- 134 -
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path to the locale, and accurate determination of flight altitude.

In work with the T aeromagnetometer it is necessary to
measurs the temperature inside the c¢abin with a sensitive element
so as to make the proper corrections, as change in altitude invariably
carries with it changs in temperature. In addition the AT measure=
ment must be corrected for the normal vertical gradient, which has
to be dstermined ekperimentally on a segment with a normal fisld,
If magnetic disturbances be noted in measurements at any altitude,

the measurements must bs repeated,

In determining the number of different elevations, one must
be guided by consideration of the manner in which it is proposed te
make use of the data obtained. In other words the.metheds of resolving

the problem should be worked out in advance.

In choosing the intervals the areal distribution of the
anomaly is decisive. For example, if an anomaly observed a.;; 100-200 m
does no% exceed one km in width, there is no purpose in taking
further measurements at one km altitude., It would vvidently be
sufficient to change the altitude by 200-300 m. But when anomalies
are very large, running to-tens of kilometers in-width, a changs of
only 200-300 m in altitude would add virtually nothing new. In such
a-case ons should fly at the ceiling of the airer:ft. The taking
of measurements at a number of altitudes without clearly definsd
purpose and methods of solving the problems posed, is undesirable.
Only if the manner in which the data to be obbained will be employed
has been worked out in advance will questions as to choice of directions,
altitudes, methods of orientation, eic ke answered in such fashion _
as to guarantee the most satisfactory results. It goes without saying
that the taking of measurements at higher altitudes is decided upon
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only if expsrimentally determined data may be expaected to offer

significant advantages over ealeulatad data.
Surve

In mountainous areas flight altitude relative to the surface

of the earth necessarily varies, the amplitude of the variatien being

dependent upon topographys

Efforts to hold to approximately a single flight elevation
over broken country by plotting routes parallel to ridges and valleys
nave not given positive results, nor could they. An ingignificant
advantage in determination of slip is purchased at the expense of
complications due to the need to obtain large overlaps, and violation
of one of the most important conditions of aeromagnetic survey,

that the flight paths be perpendicular to the course of the strata.

The experience acquired in work under mountain conditions
leads to the conclusion that when survying is onaa scale of
1:200,000 and larger it is necessary to hold to the minimal eleva-
tion permissible in terms of the instructions and flying conddtions.
If'/ the relative altitude is high, large areas will prove to have
been recorded at greatsr altitudes than are desired for work at
the given scale. In order to hold to a minimum areas taken from very
high altitudes it is necessary to consider the possibility of dividing
the sntire region subject to survsy into ssctions large enough te
make it worthwﬁile to do each at a given altitude above sea level,
with some diminution in true flight altitude. This is quite within
the realm of possibility in the case of work in the foothills and

mountains of a single folded region.

For surveys on:a smaller scale, pursuing the object of
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discovering large geologlezl structures, the altitude at which the
survey is taken may be increased, depending upon the conditions
posed by the problsm.

Under conditions in which the survey is rm at various levels,
that is, when the various sections are taken at differing absolute
altitudes due to considerations of topography, partisl overlepping
of the entire geological region must be provided for at low altitude
so as to derive data for determining the effect of altitude on the

general nature of the field.

If the area presents a gradual elevation and if circumstances
require flight altitude to be minimal, it is entirely proper to make
the survey along an inclined plane which approximately follows the
surface 'slope. The apparent difficulty presented by the faet that
a survey taken in thisrmanner cannot be measured against a specific
altitude above gea level is actually not significant, bscause deter-
mination of altitude has to be subject to resolution of the geclogical
problems; if the latter are best solved at low 'altituds, even survey
along a wave-like path is not to be rejected, if no obstacles appear

of flying and the normal functioning of the equipment.

Under all conditions of surveying in mountain areas, deter-
of slip is of sxcspltional import.
altimeters recording sutomatically in the course of the high sccuracy
survey is an sbsolute necessity. When the survey is from light air-
craft not carrying this equipment, both the pilot and the magnstologist
must record directly on the tape the moment at which a ridgs or valley

is crossed.

When the resuits of the survey are depicted in the form of

curves along the Ilight course it is essential that ths findings be
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matched to ths topography, as experience has shown that if magnetic
rocks are distributed through districts with sharply changing topography .
the curve of the magnetic field is highly dependent upon the relief.

19 asu nt

Changes in the ordinates of the curves recorded on the magne-
togram are governed not only by changss in the intensity of the magne-
tic fleld created by geological bodies, but also by many other causes,

the sffects of which must be eliminated to the greatest possible degres.

One of the most important types of interferences seriously
affecting changes in the ordinates of the Z and AT curves 1s due
to unstable functioning of the equipment comprised in the aeromagne-
tometer set. Anomalies appearing dus to thls error in msasurement
are called Yzero creep" and manifest themselves in the fact that
with the passage of time and no change in the external magnetic
field ths base (or zero) point on the magnetogram fails to remain . .
constant. Zero craep varies from ons set of esquipment to the next. . -

It fluctuates approximately in the range of 10 to 50) per hour.

The most general method of determining aero cresp consists : -
of rapéating the messurement after the lapse of a specific period
of time. When magnetic survey is taken from ground level, control
and base points are used to check the gero point. In aerial magnetic
surveying, analogously, determination of the zero line is made along
a check route, and there may also be measurements along the base
routes, Differences in the ordinates of the curves duringbtha first
and second Mmeasursments, corrected for the effect of temperature and
daily varlation, is regarded as gerc ersep due to unexplained causes
and is taken by convention to be proportional to the time factor.
The smaller the intérval betwaen the first and second observation,
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the closer to truth is the assumed linear sero creep proportional
to the time factor. The maximum interval betwesn 2 suscessive control
measurements is the duration of one flight. In thia sase the first

control route measuremsnt is made before taking off on the werking

trips and the seccnd after the work along }he given ivek has been

complated.

When a Z aeromagnatomster is employed the major cause for
displacement of the sero line once the instrument has settled down
is change in the magnetic field compsnsating the 2, field in the °
region of rotation of the coil (the gualification about the instrument
having ssttled down is made because during the first 10-20 minutes ‘
of operation the displacement of the sero point may be consideradble,
due to a number of other considerations stated in the technieal A
instructions for cperation of the equipment). 2a wo know, in the -
first models of the coil aeromagnetomster a large portion of the
initial field Z, was suppressed by the field of the permanent magnets
and 10-20% by the rield of the current passing through the windings
of the fine and crude compensation coils. A changs in the latter
compensates for change in the field glong the routes. A decline in
the véltagc of the batteries feeding the éeﬁmution coils and
change in the magnetic iomont of the compensating magnet are the

major causes of systematic crsep in 't.he sero point.

In the 1946 model the influence of these sources was reduced
bacause the fislds of fine and ecrude compensation were arranged in.
opposite direction, given Z = Z,, In this situation displacement .
of the sero line is affected by lack of constancy in the battery
voltage only if a differsnce arisas in ths tialdos of fine and crude
compsnsation. In ths 1950 and 1951 -?d;la the displacement of the
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garo line in acecordance with change in the wvoltags of the compensation
battery is eliminated slmost complately, as the initial field is
suppressed by the field of the magnet without residue, and when the
coil fielde are employed for compensation anomalous veltages in the
power supply are ccntrolled and corrected by matehing against the

voltage of the standard elament,

Thus the one compensation field remaining uncontrollsd is
that of the magnet, which changes noticeably with change in tempera-
ture. Change in temperature also causes changs in the relative
positione. of the magnet and the induction coil, the resistance of
the electrical circuits, and ths battery voltage (including the
standard element). As the instrument s not insulated against hsat
and has no special squipment to suppress or reduce the ofteétl of
temperature, it must be assumed that the shift in the gero line in

the most recent instruments depands chiefly upon ten#amture.

Asromagnetic survey is run either early in the morning or
late at night. A flight is usually of 4 hours duration. Under these
conditions 1t may be assumed that the changs in direction from the
baginning to the end:-of the flight will bs in one directicn only md

consequently ths displacement of the gero line for the reason &ndicated

will also be only in one directisn,

Thers is no doubt of ths faet that flustuations in generator
voltage feeding the motor of the induction frame affects the position
of the sero line. The use of a resistanse box will stabilise this
voltage considerably, but certain veltage variations will occur none-
theless. When a wind-newer gensralsr 45 aaployed the volt.‘q- variations
at the motor terminals are not a funstion of time., However, if batteries
are used, the voltage will drop with the passage of tise,

-0 -
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Limiting ourselves here to an examination of the major
cauges of displacement in the gero line of the Z aeromagnetomster,
wa must conclude that regular zero creep during the flight should
be in one direction only and, dependent upon the properties of the
power source, the creep may be taken to within a satisfactory degree
of accuracy to be proportional te time where brief perieds are con-

cerned,

Flights with the T asromsgmetometer are usually 8 hours in
duration., With flights of this duratlon and with the considerably
gtricter requiremsnts of accuracy it is not possible to work on

the assumption that the shift in the gero point is linear

The fact im that tests of zero shift during the shorter
intervals show that with certain models the hypothesis that the
displacement is linear is not valid even' for purposes of very rough
approximation. This raises the question of assuring control of
the readings on the instrument for briefer periods within the interval

between measurements on check trips.

In selscting the check route for regular monitoring of the
zevo point it is necessary to be guided not only by technical bubt:
also by sconomic considerations. Consideration of both leads to the

establishment of the following requirements.

(1) For convenience and economy of available summer time
the check route must be near the airport and have distinet boundary
and intermediate landmarks.

(2) The check route must be in a quist magnetic field to
eliminate the effsct of inéceurata plotting of the check route in
altitude and in the horigontal plane. The measurements are run at

-1l -
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the sams altitude as the survey propsrs Should it prove impossible

to locate a route near the ailrfield to meet these requirements, the
phaék route may be laid out in an anomalous fielde In this case

ﬁév?;ver the measurements must be run ab high altitude to reduce the
rolative effect of anomalies should the chsck route be flown inasccurately
gither in altibude or in the horigontal plane. Local conditions
determine whether it is more economical to set the check route at:

some distance from the airfield, at low altitude, or alongside it,

at high altitude.

(3) The check route is set at a length nscessary and sufficient
to record the magnetic field with due confidence and to check the
functioning of the instrument. In practice this rsquires a flight
of sbout 10 kam for a P0-2 sireraft and about 25-30 km for an LI-2

with T seromagnetomster.

(L) When working with an aerial msgnetomster installed within
the alreraft the course of the check route is set parallel to that
of the aetuzl routes to preserve unchanged the inductive effect of
the geomagnetic field on the‘ masses of iron around the magnetometer.
If the deviation of the zero values on the outbound and inbound
flights exceed the permissible levels, due to differences in induetion,

measurement on the control route must always be taken in each direction.

(5) Measurements on the control route are always made before

and after the actual survey flights have bean flowr.

Should 2 or more ailrstrips be used within the limits of the

area under study, new check routes are laid out near each strip, each
such route being carefully oriented relative to the preceding one.
The control routes must be entered on the map and described in the
raport, with indication as to the anomalous fisld on each eontrol
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route if it should differ from the normal. This is necessary for
purpeses of aligning the survey with those on adjacent areas.

Alignment of the new control route with the old for the purpose of
determining the difference in the values of the fields along the

old and new control routes may be performed simuilteneous with the plotting

of control secants of the routes.

Significant errors in determining the zero creep in operating
with the T aeromagnetometer, due to an inacourate hypothesis being
made 2s to the 1inearity of the merc creep, results in the appearance
of systematic error in the ordinates of the AT curves, which changes
rather slowly with progress along the route. This error is not
sufficient to affect seriously the geological conclusions on each
anomaly teken separately, as it tekes no more than a few minutes to
traverse even the largest anomaly. The effect of these errors is
felt only in compiling charts of the magnetic field of large areas,
maps te be used for the derivation of generel judgments and conclu-
sions as to the geological structure of the area under study, and
therefore governing the planning of smell scals geological survey.
Thus the larger the scale of the aerial magnetic survey, the less
the practical significance of the systematic error to which we have
refarence. In small scale survey the significance of gystematic error

riges and measures must be taken to eliminate it or reduce it sharply.

One of the methods used for cbtaining a more precise ploture
of mero creep is the taking of a repeated series of measurements
over a short stretch of the order of 20 km at the beginning of the
n+l voute after completion of the n+2 and before getting out on

the n+3, These repeated measurements are spaced to occwr every 2-2+5

hours. The dsviation of the average values of the dx*éinateu along

a secticn of a given route during the first and gacond measuremsnts
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of Ar governs the merc creep during a given time interval. In some

cases gero creep may be determined very strietly, as deseribed below,
for the purpose of setiing up base lines. In the area to be surveyed
routes are plotted virtually perpendicular to the projected working
routeg and along clearly-distinguished landmarks.

Test routes should preferasbly pass through the starting
andfor finish points of the planned working routes. If the length of
the latter iz such as te be traversable by the aircraft in less than
2 hours 2 base lines at the boundaries of the section are sufficient.
Where more accurate results are desired or where the length of the
working routes takss more than 2 hours to cover it is important that
there be a third base line passing approximately through the midpoint

of the working routes.

Measurements for the base routes are run at the same altitude
ag the survey of the routes At each such altitude meagurements are
taken at least twice, the number of times depending upon whether the
disagreement in the values of the Z or AT fields exceeds the per-
missible level., The effects of variations, temperaturs, and zero
creep are eliminated and the measured values are reduced to the values
of the field on the check route, which are tentatively taken as normal.

Where there are such bageline routes with good landmarks
at the beginning and end of each trip route (along with peints of
intersection with the intermediate route if such a route has been
1aid down) the working routes do not have to be oriented to the
check routes and the latter are uaed only to tune wp the T aeromagneto-
meters The processing of the curves will consist in lining up the
ordinates of the curves at the points where the working routes inter-
sect the base lines. The further elsboration of the data to compile
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oA map Of;thé'yﬁghetlc 7114 will

gradient, and tis re mxlndor of the normal

re di*lU‘hq 21 for obtmjﬂing the pradient: of
the normal field from the msesuraments on th’ base routes this is
~what is to be dores Then tha curvas for the working routes, corre-

lated at their termini the valuas for-the fields on thn b routes,

: '
will be freed of the 1n11u nee uf the normal gradiente Us seof this

method ‘is pos)Jble on]y when there ars good ‘*qdm4rks on the base
routh for sach working route. fn;nnturn these conditions arz met
only under exceptional conditions. Consequently there is no basig

for essuming that this method will be wida2ly employed.

Zero creep is the main source of error; In viork with the
Z aeromagnetomester the effect of temperature and duily variations
is not examined indepandently but enters ir = total *zero creep
efror. In work with the A aeromag stomeber changes in the rendingé
duﬂ to ch11pm in temperaturs and daily varic s must be considerad
.ssparately if the iﬁtcrvals hetwec ; 1adrV1L10n are larger
“than about 2 hours. In the hlgh ]Jtltuuex the allowance for variation
must alw1ys be conductﬂd 1ndppﬂnd°1tlv of L)P.timc intervgls~betweén,
checlk measuremants; "When- survey covers a wide band of chan 1ng'
4341fnﬁes or t¢\vs plnce during d: ys'withvsharp temperature variation,
'ebrrectibns- nus t be mads even when the time intervals beﬁween check

easursments are‘short.

Viriatioﬁs.in~ ST are ‘caleulated on 4 F‘cmul"t devo]oned Arom
“ftﬁevequation' T Z’qiiﬁw towi
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Thus each expedition must have 7 and H variometers to mesasure

these veriations.

Let it be noted that an instrument for direct measurament
of ST may easily be designed on the principle of the balance. All
that is needed is to set up a magnetic system in the plane of the
megnetic meridien so that the magnetic plates are perpendicular to
the total T vector. In order to adjust the system for the magnetic
meridian of the given locality the magnetic plates must have an
attachment for measuring the angle of dip of their magnetic axis
relbbive to the horizon. The presence of such an instrument very
greatly simplifies ths complex work of calculators when they use

the records of 2 variometers.

In order to evaluate the error in measurement and orientation
measurements are ropeated along the routes previously traversed, inter-
secting anomalies of average intensity and gradient. With this object,
series of flight routes are plotted approximately normal to the workingg
route, primarily to make possible subsequent lining up of the normal

£ield as maps of the magnetic field are plotted.

There is no point to covering. much mileage on vspeated and
secant routes, as these measuremsnts do not improve the accuracy of
the work but only serve to evaluate it. If an expedition devotes
10% of the total survey flight mileags to this, then, assuming the
total cost to be ons million rubles, this factor will come to 100,000.
It is difficult to justify such an expense if the check measurements
for determination of quality find no reflection in the geological
conclusions, as is virtvally always the cage in actual practices

A small number of routes must be chosen for purposes of repeat measure-

ments, but those selected must be the most typleal for the purposes
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of solving the geologlcal problems posed by changes in field. However
survey along secant routes should be done by wsing the flights from
the alrfisld to the point at whieh work is to be undertaken. The
mileage needsd to determine the accuracy of the work and for purposes
of alignment should be 5% of the total or less.

21. Elsboration of Magnetosrams for Caleulation of Depths and

Other Co L Occurrence ¥ atd Bodiss

The greatest possible acouracy of measurement of the magnetic
field is the most important single consideration in ths data employed
to crleulate depth of occurrence, dimensions, and the angle of dip
of magnetlzed bodiss. Every opsration involving the curves dirsctly
recorded on the magnetogram, simple hand copying, change of scals,
introduction of corrections with redrafting of the curves, etc, is
a source of additional error. For this reason the ealeulation of
the depths and the other components of occurrence demand employment
of /AT curves -that have been reworked only to the minimm degree

necessary for caleculation.

The only operation abeolutsly essential is the transfer of
the AT curves to millimster-square graph paper, in a linear scale
of not less than 1:50,000, the scale of the ordinate being retained.
If the linear scale of entry on the magnetogram is determined by a
winding rate of 8 m per hour the curve will be drawn on a scale of
1:25,000.

We know that in work with the T asromagnetomester a econatant
scale is eamployed for the ordinate (1,000 for the entire width of
the 28 cm tape), and one of 3 scales for recording the route traversed:
1,2, and 8 m per hour. At an averagé rate of 200 lm per' hour this
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corregponds to scales of 13200,000, 1:100,000, and 1:25,000. The
fiald is always recorded on a larger scale than that of the survey.
It is desirable that, rogurdless of the seals of the eurvey, the
scalo of tha record be not less than 11100,000, In other words, the
rzte ab which the tape winds should be 2 and & u par hour, tha former
badng used enly for survey ab veiy high altitude, whers thore iz no
possibili;ty of onoomt_eﬂng fields with high gradienis.

The fellowing rules must be adhered to as the DT curve is

transfarred to millimsitor papers

(a) The nonuniform scale for the route traversed, varying
in ascopdance with the ground spoed of the airoraft, mist ds rendersd
uniform, the new scals being not smaller than 1:50,000. '

() The AT ordinatos beyead the first thousand gamas
on tho tape, must be totalleds

{e) ™a AT ordinatas must e counted not from 2 hordsontal
straight line segmant but {ron .a aloping 11an drawn to r.‘oérgapand
approximately to the overall increase or decreass in the ordinates
of the curves on segmants of appreximatoly 50 km. '

 No strict correction for serv croep, tameraturs, variations,

;md mmal gradient are required, at this stags of the work, as depths
may bs calculated adequately by means of anomalies of limited width,

not axcesding 20=30 ime. Over thie distance, which is covered by an
atreraft in a few minutas, the total of all the correstions say be
rogarded as being a linear funotion of the distance (exoept where
magnetic stcrme are concerned). A small error in the angle of dip

of the sero line may well be preasnt but {t ir of no practical value in
calculating depths. The choice of the lsvel of the field conventionally

-8 -
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regardsd as normal is also of no significance. In cases where methods
of depth calculation related to determination of the lavel of the
normal field are employed, it will Be necessary to procsed in the:

. same manner as is now the case in employing maps of the magnetic
fieid, to wi'.. leval is salected for oach individual am-aly often
by the parucular worker's intuition.

Without undertaking a critiqus of this msthod, we note
msrely that these methods of calculating depth aro applicable only
to. a very limited aumber of anona.li.;u, As fa.r a® ®ost anomalies ars
concerned, including those just noted, 1% is necessary to employ
mathods of caleulating depths, dimsnsions of outcrops, and angle of
dip, unrelated to the depth of the normal field,

- Tha selsction of a normal field, founded on real considerations,
is Juatiﬁ.ed only when the number of geological probleas includes
tha problam of calculating the depth of occurrence of ths bottom of
the magnetised body and calculation of the intensity of the magnetized

rocks.

when (T curves are depictsd on the millimster graph, they
should bs mporﬁpocod. with adherence to ths accep.tod scals along
the direction of the routes and to a larger scals in the direction
porpsndicular thersto. The scals for the intsrvals betwsen routes
1s chosen s that the AAT curves will not intersset and so that space
* i1l remain for the drawing of the subsidlary curvese It 1s wnnacessary
for curves covering the entire course of the route to be depicted
on a single ghest. The entire area soversd may be divided into a
number of nomtu, each conmhnt. to work wu-h, and the surves
sntered thereon, maintaining an onrlap of 10-15 ems If the border
happens to be at an anomaly the overlap may be larger.

ETORS
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A topographic profile is drmwn beneath each A‘IT curve, as
is the flight path; as read from the radio and barometric altimeters,
and, for purposes of checking, a prefile from the topographic map.
The work sheets thus compiled must be examined for acecuracy of field
measursments and orientation before bsing employsd to calculate the

depths of occurrence of sources of the anomalies.

The methods of aerial magnetic survey make possible a general
preliminary evaluation of the accuracy of the measurements and orien~
tation by an examination of the results of the measurements as set
forth in the graphic form prescribed. True, the survey is conducted
by solidly covering large areas with parallel trip routes, the dis-
tances between which will as a rule be smaller than those of the
bodies to be identified and mapped. Consequently we may expect to
find an interrelation between the magnetic field intensities of a
series of adjacent trip routes. This relationship is seen in its
sharpest form in repetition of anomalies from route to route, with
gradual change in the shape and amplitude of the curves, repstition
of stepwise change in field intensity, and in the fact that it is
possible to follow a uniform field on many routes. Taken together
all this makes it possible to follow the axis of extended anomalies,
the contours of large regional changes in field, and the contours

of homogsneous fislds.

By following changss in field along the trip routes and from
one route to the next it becomes possible to identify the pattern
of appsarance of extreme values, thus eliminating doubts as to their
reality. On the cther hand the appearance of marked changes in
field on one trip route only, changes not suggested by the general
character of the changes in the field on adjacent routes and in the

given district in general, and not such as would ssem to be a result
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of the known geological structure of the area, gives rise to doubte.
This doss not mean that isolated anomalies are inevitably falses

We know of geological regions in which sharply defined and narrowly
localized peaks of positive and negative valuss are typical; as may
be seen from the magnetic chart of a specific distriet (Pigure 20).
Dubious changes in field are eliminated from examination hereafter

in our calculations of depth of occurrence. However, if isolated
snomalies should come to light in connection with the solution of
geological problems (for example, in efforts to find highly magnetized

ores), they must be confirmed by repeated flights.

Quantitative estimates of errors in measurement are based
on the results of repeated measursments over individual routes laid

out along clearly defined landmarks.

The AT curves of repeated measurements are caleulated in
the seme fashion as those for all working routes. The greatest sig-
nificance in caleulating depth and other components of occurrsnce
atbaches to evaluation of the accuracy of relative changes in field,
within the bounds of each individual anomaly employed in the calcu-
lations. Therefore in order to evaluate the srror in measurements
it is important to rule out the effect of all systematic errors such
as thase related to orientation, gero creep due to various causes,

and errors in determination of the normal field.

This being the case, we shift all the curves to an identical
altitude before proceeding to compare them, by recalculation for higher

altitudes at points where differences have been found. Next we super-

pose the curves not by the common coordinate points bmt by the character-

igtic points of coineidence on the AT curves, which may include clearly
defined maxima and minima dnd their gradients (points of inflection,
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_that is). As the lavel of the normal risid has besn set ;;.rb:i.bi'a%ly,'

dispi#cemsnt of thé curvaes along the vertical and qdjusbmantrof’the
aﬁgla of'dip of phu conveubiouél z2ro line sra enbiraly parmissibig,
Where loug trip roubes ars concernad it is enviraly possible that
superposit{on of tha ceoordinitssz of the characéarisbic
points the curves will show o ragular divergences both qlong
ﬁhe trip routés and tha s]opé of the conventional zero linz. As the
object in the given instance is nob a general avaination of the

accuracy of tha future map of bthe magnetic fisld but of the accuracy

of the relative changas in [ield of iﬁdividual Jnemalies, discovery

of systematic divergence of the curves quires that they be qomﬁéred
along individual segments of bhe rounte, with superposition of the ”
characteristic extréme points bounding the various segments. Naturally

the segments cannol be smallsr than Lhe width of the anomalous zones

eing used at

On each separate segment, after the superposibion of the
characteristic points, ths differences in ths ordinates ars calculated
a4 intervals of 0.5-1.0 km. The sum of all the differsnces should
b2 closs to zero. If it differs from zcro to any considerable degree
:this means-that a systematic =rror has occurred which has to be
eliminated by repéating the superpssition of the curves and calcuiation
of the S(AT) diffsrencss. After diff‘erenceé»ha\re bezn found to
sabisfy the condition that £ 87(AT) =70, gh? msan square orror is

. .
found on ‘the:formula

SEADP

————tly
- ‘ i 2n
in which.n. is the number of points employed.

Figure 50 depicts the AT curves twies measursd on-a sing

brip. It 48 cledr thit in oprder bt eliminate: arrors in erientation

‘and_eéviluition of the accuricy of meisurcmont it is necessary bo shift
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the right side until it coincides with the Ar maxima, while the
left side is permitted to remain where it is.

The error in orienting the points on the route is determined

by applying the AT curves adjusted to a single altitude to coordinate

points, subsequent to which the differences in the coordinates off.
the characteristic points are deriveds In the given case the problem
is the calculation not of the aceidental error in the position of
each point on the curve bubt the systematic errors in oriemtation of
large ssgmentsg, dus in particular to the consequences of accidental
errors in orienting the aircraft to specific landmarks.

In order to determine the specific error in orisntation
the equation adduced above will not do. The error in orientation
is caloulated as the arithmetic mean of all errors found in the
position of the characteristic points on the AT curve. However it
is impossible to use the average of the entirs lengthy route, as
srrors on specific segments may differ in value with the result
that the error may remain at gero. Therefors it is caloulated
geparately for the various sectors characterized by distinetly
different and systematic divergences., If there are sudden changes

they may be found to coincide with the landmarks used for orientation.

Caleculations of this order are run for all the routss on
which repeat msasurement have been mades Only after the mean errors
on the individual sectors have been calcuiated is it possible to
apply the formmla adduced sbove specifically to mean errors. The
magnitude caleulated will charasteriseithe mean square aceidental
error in orienting the aireraft to the landmarks employed. If the
numbsr of ropeat routes is amall the data obtained will be inadequate
to caloulate the mean square error, in which case ths error is
characterized by the largsst actusl displacement.
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Tha ealeulatad mean soguare sroor lin measucement of
ol dctarmings the approximatz L1 - af the pessible srrors
WLive At eniuss, Tn accordanc: wilth the familiar rules for

2 25 1

Ldistricubion of srrev the prob ty of tripla wrror is 0.2, meaning
sibla afrufj mey abbain 30Y . Ditact

nmpd oy avaluation of

tﬁ§ Pnrur.reﬂultm:t thorelrom in niation of depth and other

asomuonents s neb pos:

Tn addition bhe calenlibed error does not resolve the preblem
whoether cartain weak anomalies, whogse nmpliﬂude is within tha
error, actually exist. To do this it is necessary to know
the error in racording bthe gradienl of thz [isld in the direction
of tha trip route, which, given a constant fmebor of error m, is
- dependent upon the -uplitnde of fluctuation in the Z&T field.
cannot ke aszerted baforshand thabt geometrical plottings
(denth, dimensions, and dip of mametizod bodizs) along the Ar curve,
msoursd along a section of a given trip route with an error of
ﬁ[;;%557; «ill be more sccurate than thosa plotted along the ZST

curve tlong some other trip route, whers the error is m= £10 1
‘on 112 condition that in Both cqsaé w2 arz dealing, for example, »
: yith anomalies over bodies of very simple form. However it may be
stabud tht in both caszs the geomeprical»structures will b2 more

exuet i3 the error in each will be, for example, only half as great.

Fvaluation of the error in ths recording of th2 curtes along
‘the rounta is necessary nevertheless as a measure of the reliability

changes in field along particular s

“depth and other components of occurrencz, esven though it cannot

4 conrste measurs of the error in calculating the
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No difficulty is encéuntured in caleulating the error in
neasurement of the fisld gradi=nt by plotting the
éurves, twice measurad on a spscific route, Howgver a more evident
measure of th% qua]it& af phs&[ﬂT‘@e\éura antb iﬁipresgntgd by compdrisug
of sections‘describing the geomeiry of magnétized bodizss ploited’in
identical fashion on two ZXT curves repeated on a spzcitfic route.
It is obvious that if thz solution is to coincide with an accuracy
corrasponding to the accuracy of the graphic and mathematical operations
required to compute the depth and other componants of oceurrence,
the accuracy of measursment of the field mist be taken as adequate
for the mzthods of calculation of depth now available. Howaver if
ths divérganée is exprassed in some tens of psr cent the accuracy of
measursment must be recoznizsd Lo be unsatisfactory for solution of
the geological problems in question. Only this provides a Qnsis for
nnderstanding the requirements for accuracy in measurement. However,
4s no such ressarch had bsen performzd and as the accuracy of cal-
culation of the components of occurrasnce reveal a diract connection
with the accuracy of the starting data, one may fully undersiand the
raquiremsnt that the maximum acecuracy capable of being attained by
today's techniquas ba athbained. It is necgssary to strive for
accuraey of measursmsnt along short szctions of route equivalent to

wecuraey of the instruments., This comss to about

for ths T-aeromagnctomaters now in usa.

The 2rrors in-oriantation in tﬂo horizontal planz
requires no extansivae explnnatibn. Points for which depths have bean
4nd contoﬁrs of bodizs 1rfived ab by caleuiztion will be
ispluc;d,to_ﬁ magnitude equal Lé th: error in orientation. Thgverror'

L

dstermination nf altituds wi cbar in ity cnbirsby into the

2rror ineulculation of :depth.
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After all the /\T curves have been examined in the working
plane to determine ths oredibility of changes in field observed by
the survey, curve segments are selected for use in caleculating depth
and obher components of oceurrence znd also the intensity of magneti-
gation of the rocks. When methods of caleulation are used which
have been developed for bodies of limitless extent, the appropriate-
ness of these segments has to be determined. The choice of msthod
for solving ths problem of depth of occurrence depends upon the
type of AT curve. Where isolated gimpls anomalies are concerned
relatively simple methods of calculation may be used; but for all
others the methods have to be those suited to analysis of complex

curves and, in particular, the higher derivatives.

Maps of magnetic fields, shown as isolines in 2-dimensional
depiction; cannot be used to calculats ths components of occurrence
of magnetized bodies with the accuracy with which this may be done
when the magnetograms themselves ars used subsequent to the elementary
processing set forth in the preceding section. The reasons ars in
the first place the fact that the map of a magnetic field is the
product of complex slaboration of the raw data, the result being
that additional errors are unavoidabls. In the second place the map
presents a levelled-put fisld in which many details needed to calcu-
late the components of occurrence have either completely disappeared

or are reflected improperly.

Maps of /\T isolines generally contain errors which represent
the results of inacourate allowance for zero cresp and somo degrae
of ervor related thereto in determination of the normal field.

These errors may attain large dimensions in T asromagnetometer survey
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as is indicated by experimental determminations of zero creep, vhich
is sometimas not only not linear but even reveals change in sign in
the courss of a flight. Due to these arrors the lavsl of ths field
taiken a5 normal wey aleng eertain segments of adjscent roubes diffsr

by soms bens or avan by hundreds of gammas,

In draving the isolines this divergencs is axpressed in smooth
.Lnflcdnn of the 1ins and, if 1t goos inio the gaologieal intsrpre-
tation,” it may result in an erroncous impraselon of the geological
structure at the given point. The OT curves bassd thareon and used
to calsulates depth and other coxpononts ef boccurrence will d4ffsp
significantly fron the initiz) curvas dus to an unavoidable lavelling-

oute

These largs errors, which are of no significance whan the
érigj.na.l curves ars used to calewlatz dopths and other eompononts
of oocurTance, render it Lmpossibls for ths 1solines on the maps to
. ‘9o of high aeen;'acy in terms of changes in the flsld ovar a ooupara=
tivaly brisf interval, sgual % m width of the anomaly. As 2 matter
of x.\acaa;it.y ths intervals hatwesn 120linss ars chosen in such fashion

that many importaat detadls of the fields dissppear tharsin,

Tha orrors under cona‘idlrat.i‘m my be reduceé onsiderably
oy ch:zcking ths 8310 line at brief tims intarvals in the courss of
ths surveye But in this 6ass t00 1% 1s not possible to use equal,
mall tntefvals betwosh the aolines, as the prosence of intensive
anomalies with large gradients would dewnd fapractically alose spacing
of ths 1solines at many pointse.

Under theds conditions gradually increased intervals are:
the normal sclution. When this procedure is followed virtually a1l
the slight variations in field in the region of strong anomalies
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disappear, a phenomenon that seriously affects the differentiation

of the rockse

This unavoidable smoothing over of the field as it is depictad
in isolinss leads to a situation in which aerial magnetic maps com-
pilad on the sSale of the survey are incapsbla of reflecting the
det;aus of geologle=) structure in accordance with the gfun scale.
They are capable of being used only to reveal sigaificant peculiaritiss
in the gsologisal strusturs of the g_tveﬂ tarritory and conszquently
thsy ars ecapiled 80 ag to serve the mioo of small seale mapping.

The importance of this prosedurs is not subjaet to question,

as determination of the special featuras of the magnetic fisld over
large areas by a general axamination of an isoline map (or of a small
scals 2 g‘aﬁi.' in surveys with the 2 aeromagnstometer) provides very
valuable data fer elarification of tho genoral goological structure
and in soma cades for the selestion of arsas offering good prospects
for sseking ‘useful iescurces. Lot 'us eite the wall known examples
from the West Siberia survay, in which the segular arrangement of
the anomalies testifiss .to the existencs of foldsd stratz under
thick sedimentaries, o2 the Bast Siberia survey, where unique changes
in flold havs permittod the mapping of effusives, or the survaey of
the Euvopean north;. whoron overall maps revealsd the axistence of
large strustures, important in determining the diroctions in which
prospecting should be gonducted, etc.

For the purpose of compiling mape of the magnetis fleld,
the meagured values of 2 or /AT must be freed of components Antroduced
by dally variations in field, normal gradient of the field, uneompen-
sated residue of the mean valus of thé normal field, and those varia-
tions in the reaﬁnp of the msasuring instruments which are not
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,

related to the measured magnetic field.

Special allowanee for variastions is not nearly always

nscessary, sven in work with the T aeromagnetometer.

Ir ﬂu oontyol instruments recording the variations show
them to follow a smooth course in one direction during the period
that ths 'lnatmt s operating in the air, changes in the instrument
rsadings go into ths total magnitude of the Mzero creep™ and are eli-

ainated on cerrsetion for zero creepeo

Howaver, if the control instruments recording the variations
ehew tham to follow a nonlinear course, with considerable amplitude,
spacial cnrr'v;etion for variation is necessary, as in this case changes
in fle)? cannot be regarded as proportional to the time factor.

An exception is to be noted if intermediate control measure-
monts are run in the process of the work at intervals in which the

variations occur in approximately linear fashion.

In the northern latitudes, correction for varlation is

. asgential,

Measurements during powerful magnetic storms are hardly
subjoet to correction. The question as to the possible introduction
is resolved in sach 5 4/
the amplitude and frequency of the fluctuations in the intensity of
the fisld. If it is impossible to make these corrections the measurs-

mants must bs repsated.

Corrections for changs in temperature are made independent

of other corrections if the flustuations in temperature were zonsiderable

and the sign of the 'temperature changade In practiée the question is
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rasolved in terms of the relationship between the maximum correction
for temperature and the correction for zero creep, If the former
correction constitutes a small fraction of the latter (let us say,
less than 10%), then one may dispense with correction for temperature
as it becomss part of the general correction for zero creep. If the
effect of temperature is small the correction must be made separately
and the zero creep is corracted in accordance with the control
measurements after correction of the measurements on the check route

for temperaturs.

Correction for zero creep is performed by measursment of
the fileld on a check route before and after completion of the work
on the working routes. Should the magnetomster be housed within
the airoraft and the instrument readings show change in course to
have a marked effect, the check route measursments are run on the
oﬁtgo:l.ng and incoming trips parallel to the working courss. If the
sensitive element 1s carried overboard, measurements on the check
course are run in one direcﬁon at uniform intervals and at an

identical altitude,

Let us consider the magnetic field on the check course to
be the normal and the instrument readings on the course tc be the
mean ordinate of a curve relative to the zero line on the tape.

dinatss before the start of work on
the outgoing flight as A;, an the incoming as A,, with By and By

having the same meanings after the completion of the worke.

When the instrument functions normally the divergence of
the zsro values on the outgoing courses prior to and after completion
of the work, constituting Ay-B,, and that on the incoming courses,
constituting A,-B,, must be identical and determine the charge*in
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bheogero poliat durine
The difference A=Y is

Lo the meusuresmoenis me

to

of zuch workine Lrip, ra

Loothz znro lin: of bho Lo o b Comiul g

A—B
»n=A4 *‘Ef“j(t“—ﬁ),

in which ty and Lo reprogent Sime poriods to which the chack
measurements A and B ovartaing L1z oy siven mowenb in bime din the
inkorval bebwean by wad toe Thy vadoes Ap wnd By or’Af

substitubed in the formula, depading upon the direelbion of the

rouves.

Detormining ¥y for thz brinning snd end of 2ach working
route, let us connscht the ordinatss found by dirsct lines, in relation
to which the ordinilss Qf tiz continuous eurv: recorded on the working
route are }r'—‘: 20 Thz lines 1 ha basgs valua wi : > if

diverge.

‘Howsver,

lina2s will b2 horizontal.

In caszs whars repeatad measurs 5 arz takan along a numder
mants of working courseg during a sirgle flight the zzro lin
rezp is dotermin@j hy‘fhebmawsurvments on the chack coursa nndsrebe—
titions on th2 working coursas. In ordérktd proviide for th= lattar

the maan ordinatos ZXP or ZXZ ara calculated an such s2gmant of

L » . : : Sl
repeated measurament (as for the chask routa) and this value is appli=d

bo-tha midpoint in tims of ths work condusted along tha given sactor. .

In accordance with this dat~ the zero-point crzep curve is drawn to'
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correspond with the graph shown in Figure 51, where time is plottaed
n a definite scale on the x axis and the average field values in

gammas are plotted on the y axis,

Let the average time reading for the measurements on the
check course be t; at the beginning of the work and tg at the end.
The corresponding values of the mean ordinates on the check course
will be ATl and Ty*e If no intermediate control measurements have
baen made, the straight line connecting points the values of which
are ATl and Ty' will determine the drop in the zero point at any
given moment in the interval tj-tg. In the given case repsat measure-
ments were made on 2 segments during the intermediate moments t, and
t for cne segment, and t, and t5 for the other. Let us write the
corresponding mean values of AT and connect them with straight
lines which govern the change in the zero point during shorter
periods of time. These 2 straight lines show that the oresp was
faster at the outset and slower at the end of the work. E‘mployir;g
these supplementary measurements lst us trace a curve bestween points
ATy and AT', the segments of which in the corresponding intervals
will approximately parallsl segments ATZ —ATz' and A‘I‘; -Al3%s  The
curve thus drawn is used to correct for zero creep as a more accurate

approximation of reality than the straight line segment ATy-AT'.

After correction for variations, temperature and gero cresp
(each separately, in accordance with the causes of each, and either
in the stated order or as a gross correction for all if the variations
in temperature constitute only a emall fraction of the total zero

creep) the valuss observed are subjectad to further processing.

If the check course has been laid in the normal field the

A\Z (or AT) curves drawn on this basie value will represent the sum
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of the anomalous valuza and of ‘bha . inct 3 debermined by the normal

gradiont of the fisld, depending upon the grographical coordinates

of each point. bHownvcr, i the chzck conrse is rﬁn in an anomalous
field, all the qrdjni&‘S of the curvas aIpng the various courses will
contain an additional consbtaut, equal to the difference bebwesn the
normal field and the £ield on the chacl course. Before the curves

on the check courss can b=z ipplied -to the normal field, bhey must

ke freed of fhe normal gradient. This factor may ba debterminad by

the maps for th: normal magnztic Cield of the territory of the USSR
compiled by the Institute of lerrestrial Magnetism. The gradient

is debzrmined in 2 direction, parallel and perpandicular to the
working courses, in gammas per kilomzter. However it should be born:
in mind that the maps of isodyn=s and other componenbs for the weakly
populated portions of the territory of the USSR have besn compilad
on-the basazs of a very widely spacad net of absolute magnetic measure-—
ments, so that these maps represent ipproxﬁnations to a very consider-
able degrqe. Thersfore when aerial mignetic work is done in poorly
jnhabited or wninhabited areas, where the absolute measurements have
been madefon'widely spacad courssas (along largs rivers, caravan routes,
stc), the data of ‘asrial magnetic survey is needed to determine the

normal gradisnt.

Let us first examine the question as to the constancy of the

" normal gradient on the large territories coverad by asrial survey.

Assuming that the normal field is that of a uniformly magne—
tizad sphers along its axis of rotation, we find from aquation (4.1)

that -

dz . sinb
x = max g 2

“dH . cosd

dx max p !
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in owlhich @e=rd 0,0 — i3 the suppliomemt Lo the lubitude of the given
logality and » is the radivs of the zarth.

Assuning that 2 N is.60,000), w2 Find that for 60° M lat

=—45y, urile for 50° it $550°% = —6ypsr kn, indicabing that

-

nuereticad gradizat varies by 1.5) over a distance of 1,100 km
lour Ly mevidian. Under the same cenditions the i;.” gradient will
ax:

3.9 sad 5.4Y per km respsctively.

gradient of the ftotal vector in the meridional direction

will be

ar _ dZ dH
RN T S il f
F e T sinf {— v cosl;

under Hhe same given conditions, while when T is 65° it is -2.5Y
mmd ~1.0) par km. With the given specilic values for latitude, the
T pgrodient declines in absclute vilue relative to the Z gradient,

but Lhe relative chanpge in the gradient increases over the distance
of 1,100 km. In reality it is necessary to examine the gradient of
tpe total {‘ieldl of uniform magnetization of tne sphere and the conti-
nantal anomaly.f The latter is known only by occasional observation
points and is incapablas of determination with the required accuracy.

inf"lnerice may either increase or decrease the calculated particu-—

lar walwes of the gradient along the meridian and create a considerable

gradiont by latitude.

In any case it must be berne in mind that over distanceé
excoeding aoproximately 500 km the normal ‘gradient cannot be regarded’

as & linear function of .the distance.

In order to determine the normal gradient let us employ the

method usad by magnetologists to find the normal field of large terri--

" tories on world maps, employing absolute measurements.

216l -
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In accordance with measurements corrscted for variation,
temperature, and gzero creep let us set up a map of the magnetic field
in the form of A\Z or /\T curves along the flight courses or slse let
us enter only the numerical values at specific intervals in accordance
with the scale of the survey. Let us find the average value of the
intensities in squares 10 em on a side and let us compile a map of
\Z or /\T isodynes in accordance with the values thus determined.
Now let us investigate the pessibility of drawing smoothed isolines,
approximately parallel to each other, without paying attention to
the closed coutours of the true isolines, which represent local ano—
malies, although they may be large. If this effort is not successful
the sides of the squares used to find the mean values may be further
increased. This is entirely within the realm of possibility when the
scale of the map is large enoughito provide the needed number of
pointai with mean values for plotting approximately parallel isolines.
The difference in the values of the parallel isolines, divided by
the distance S, between them expressed in km will be the gradient
of the field in the 5 direction.

A similar method of finding the gradient of ths normal field
has been used by several field workers in accordance with the results
of preliminary survey along widely spaced courses. There is no need
to run preliminary surveys along widely spaced routes when it is
possible to utilize the data of the total survey for the same purposs,
with better results.

Thus the field gradient may be determined either by maps for
the normal magnetic fisld of the territory of the USSR or by the data
of aerial magnetic survey. Let us say that it will be "a" gammas in
the direction of the course, and "W gammasg per kilomster in the

dirsction perpendicular therto. Taking the midpoint on the check
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course as the origin of rectangulur coordinates, the direction of
the flig is taken as th2 ¢ axis and the dirsction perpsndicular

thereto as tha )« Yo now determinz bhe correction for normal gradient

at any peint on the working rontes. L the gradient has proved to be

a lindar fancbion of the coordinates,which wovld be the C‘L{S@ iers
relatively small srens ar: concernad, it is adeguate in practice to
vietemj.’he the corrections for the start and finish of each route and
Lo connect the corrected coordinabas of the ends by a straight line,
which will be the corrected base Jine.  The equation for introduction
the corraction will have Lhe simple form

g =at 4 by,
whers € andm) ara given in kilomzters as the distances from the mid-
point on the chack cours~ to the given point on the route. The sign
for the correchion depands upon th2 signs of a and b in the directions

[ ]
of the coordinate axes selected.  The calculated correction must be

subtracted from the values of the ordinates of the given points.

For example lot us-cassum2 that the survey is made along
meridional routas 120 km in length, thit thers be 80 flights in all,
abt 2-km intervals, and t;h;x;, the landing strip and check route be
in tha center of the arsa covered. Leb us assume the normal gradient
detzrmined by one of tha methods citad above to be 3.5y in the direé-
tion of the £liehts (Lha ficld incraasing to the north) and 2.2Y
in the direction normil thereto (bhe fiz2ld increasing to the east ).
Then we raduce th: southern end of the zero line on the middls flight
coursa by 2107Y (inereasing the ordinate iccordingly) and raise the
nerthirn 2and by 210Y . Wz follow the sam2 procedurc with the zero
linzs of a1l other noursss, lzaving them parallal to the corrected
z2ro line of th2 middl~ cours but graduilly shifting them by a
masmiibode corraspondine bo tha normil gradisnt in bhv

ion.  Por ocxonpl o, on thr Luenbioth flight enst

)
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thus 40 km from tha ch: 217 bhe orddinates in the curve aroe

Lo . i
e - ‘r-ed:.x}:ed: hy A2 or in round figuras oy 90Y . Therefora the
| : woﬂ;hf;zrn ordinate is ruducad by 300Y, Luki a1l luctors into con-
1 . ’ . .
r B “gideration, and t iz inersised by 1200 On the
Lhirbiabn ronbo Lo iha of the a2 all the or
- o ineransad by somrox<inataly 1 30Y or in other x:/c-z'r'!;; the ordinatos

of -tha exbrema neortiizrn point are roducad by 20Y and those of the

congi-

avbrema southirn are incroaged by

deration. If the eradisnl is ool disear, whiich will b2 the exyse

almost alwiys in sarvering vory lairg: aroas, tha entive area may be

5, within the limibs of which the gradieat

divided into smallor o
niy be regarded as a lioewr function of tha coordinates, and dn which

the corrections are msde seopural-ly for 2uch.

The N7 or AT curvas, corracted for normal gradient, differ

: from the curves of an aiomadous {ield, if the check routes has been

plotted in this fizld. '

In order to find the constant by which all the ordinates have

“to0 bz corracted or in othsr words in-order to reduce all the measure-

ments to a normal. field, we make use of the conclusion, derived from

"the theory of the ‘magnetié field of magnetized bodies, to ths effect

3 that the magnetic flow over g magnebizod object of large extent, along
L a line transecting thz entira anomaly normal to its axis, must equal
” - .~ 4ero. This coaclusion follows from the gsneral physical concept of

L the lines of force in a magrotic field and may be proved mathematically.

Let us limit-ourselves to an oxamination of the risld of a

horizontally =long vody ofe uny constant cross-szction, for which

“bhe equabion of th: 7 curve bransverss bo bhe brend is.2xprossad by

th*_ﬁ Fof‘mw’zla:
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Ps megnetic intensily, s is the cros

actional area, a

Lha coordinates of a component of the area of cros s-—sféct.io'n

A, and ® le the ronning coordinata, '

Lel, ue demopsbrabe bhit

§Zdx - wjj[Y lf::f'.{::,f;, dx] ds=

£—a _cl dx..cd!

(= (x—ap :5 1 ,l_nﬁw Y ol
AT 4 R T e T, @iy
l " 4 * ©dt

U ’:TT““:?:r_L ~ I+ =0,

L

which' ig what bt was eequired Lo prova.
1 P

The consideration thus demonstrated will be valid relative

to J-dimsnsional ob,

b5 when the integral is based orN\the arsa.

N
From this it follows that if the average value of AZ,,

l \l ; . :
R h }.4 A Z. caleulated on a series of successive flight course, is
1=

z2vo bhe normal field has besn chosen correcuiy. Howesver il the avera

valoe is positive the normal [ield is to«{ low and the zero line must
‘be raised by that averags value. On the other hand the gzero line
must b reduced if the average value is below zero. In the formula
Al’ rapres ents the ordinats of the AZ curve at points determinec
Cat e :u L 1nwrv1l thdt,lj,s, 0.5 or one km, and n represents ths

marber of points employed.

Analogously it may be provéd that J de=0, in view of
which the adduced rule may 11<o be applied to me asureménf of AT,

ko theé sama degras of approximation.for which eqxlation (2.2) is valid.
Afteor the remduul normal fi°ld has been subbracted there

'_r-«‘»,-m.in,tlw ‘ehangss in tho ficld produc'ed, ’on].y by—ithe‘ change 1 n 5,\,01081.ch1
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structure plus errors of measurement and calculation.

In actual practice aeromagnetic parties taking surveys with
the Z aeromagnetemeter most frequently employ a simplified method of
determining the normal field. This method consists of the fact that
the zero line is drawn on the original magnetogram in the form of a
straight gero line is drawn on the original magnetogram in the form
of a straight line most nearly approximating the A2z curve on the
tape, that is, in accordance with the requirement that the positive
and negative areas bounded by the given zero line and the /\Z curve
be equale This eliminates at one stroke the effect of smooth change
in the gero value and the normal gradient of the field. Under favorable
conditions this method of selecting the normal field may lead to the
same results as curves oriented on the check route after the successive
operations have been performed. Favorable conditions consist primarily
of the absense of large anomslies, the choice of courss normal to
the trend of the anomalies, and stable operation of the instrument.

In the absence of these conditions there are insvitable ssrious com-
plications in the elaboration of the field data and a map of the magnet-
jc field made in this manner does not guarantee proper depiction
thereof on the reglonal scale.

The accuracy of ths choice of zero lines along the routes
in this simplified fashion is checked by plotting secent courses
perpendicular or almost perpendicular to the main course. The zero
lines on the main routes are equaliged in accordance with the values

of the field on the secant routes.

This method of correcting the gero lines is permissible only
when there is a fisld so zuiet 4s to be almost homogensous. Whers
olearly defined anomalies exist, crude srrors may occur as a result

- 169 -
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of the lack of precision in determination of points of intersection
with the routes and as a result of divergences in the field due to

variations in flight altitude.

The results of aerial magnetic researches performed to solve
geological problems are organized into final form by the presentation
of a report and graphic adjuncts, the content and list of which are

specified in the instructiocns.

There is no need for a fundamental reexamination of the data
specified for inclusion in the reports of % asromagnetometer surveys,
as the basic geological conclusions are developed on the basis of a

general examination of maps of the magnetic field compiled in the

form of Z, maps, without caleulations of depth and other components

of the occurrence of magnetized bodies. Geological concluaions would
be 1llustrated more satisfactorily if maps of the magnetic field Z_
were accompanied by depictions of the contours of rocks having various
magnetic properties or by adduction of lines showing major tectonic
gisturbances and other major structural elements. In certain cases
this is possible. It must be striven for where attainable, as the
graphic presentation of geological conclusions described in the text
always demands more profound elsboration of the data and reises the

standards which must be mst.

The standards to be met by graphic appendices compiled on
completion of elaboration of T ssromagnetometer survey are in need
of reexamination, the major problem being the reflection of the

geological results in graphic form.

The T aercmagnetometer is used primarily in platform regions,
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wnere magnstlc date of high accuracy may be successfully used to
caleulate the depths of magnetized bodies and the subsequent develop-
ment of the relief of the platform basement, as anomalies are primarily
due to basement rocks. Calculation of depths and other components

of occurrence also provide very valuable data for the solution of

many othsr important questions in the study of geology. Determination
of the intensity of magnetization of the rocks giving rise to anomalies
provides data on which one may follow rocks of homogensous composition

and differentiate and distinguish rocks of various magnetic intensities

and thus different in composition or origin.

These briefly formulated possibilities in the magnetic method
are presently used to only a negligible degree. Final reports gene-
rally are accompanied only by maps of the magnetic field in one form
or another, textual descriptions of anomalies, and general geological
conclusions. These conclusions, converted into the language of graphs,
utterly fail to correspond in accuracy and detail of graphic repre-
sentation to the scale of the survey performed. Thus the chart of
the folded formations of Western Siberia, based on the general dis-
tribution of the magnetic field determined by surveys varying from
1:1,000,000 to 1:200,000 in scale, actually represents no more than
an outline, There is no doubt as to ths great value of this sketch
map but neither can theres be any as to the fact that it is entirely
out of correspondence with even the finest scale of the aeromagnetic

survey.

In an affort to draw general conclusions from asrial magnetic
surveys that have been run over large territories, including that
of Western Siberia, many organizations are attempting to employ the
magnetic field maps accompanying the final reports here under dis-

cussion in order to offer a more profound geolegical interpretation.
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That is to say they are trying very late in the day to perform the
chief function which in the essence of things should have been done
by the aeromagnetic expedition that had run the survey. There may

be efforts to prove that the survey work and that of maximum geolo=
gical utilization of the data ought properly to be separated. Such
efforts are irherently unconvineing, In the first place the instruc-
tions now in force envisags that the report include geological conclu-
sions. In the second place transfer of aeromagnetic survey data from
the expedition that has gathered it to some other organization for
geological interpretation is not provided for by any regulations

whatever.

The organizations occupied with elaboration of the material
accumulated usually have ready maps of the magnetic field available.
The reports usually have appended many sheets of computations of
mean square errors in order to facilitate critical evaluation of the

accuracy of the measurements. The error calculated by measurements

at points where flight course intersect is in no way related to quan~-

titative analysis of the reliability of the field changes revealed
within the framswork of the particular anomalies used to calculats
depths; their relationship to svaluation of the field values is quite
remote, After all it is known that along particular course segments
the errors exceed calculated levels several times ovsr. This results
chlefly from the nonlinearity of the mero creep and is readily dis-
coverable on examination of the map, if it is presented in the form
of AT curves along a pronounced high on some particular curve against
a generally flat background that has been fixed beyond doubt by means
of the curves on the adjacent courses. On isoline maps these errors
are modified by the smoothed contours of the isolinss and are therefore

difficult to define.
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The summary maps have been used to calculate depths by
oecasional scientisis working with the data they contain. No doubt
when isoline maps are used only on occasion the depths calculated
will be more or less close to reality. However in the majority of
instances depths are calculated on distorted curves differing from
those originally derived. Therefore there is no basls for expectations

of high accuracy in this situation.

The situation is somewhat better when the map employed is
presented in the form of /\T curves, However in this case virtually
all regions with large anomalies and significant gradients are eli-
minated due to the intersection of the curves and the impossibility
of deriving the needed curve with confidence. Arsas with smaller
anomalies are less reliable, as the numerous redraftings required in
the course of ths complex elaboration of the curves for purposes of
msp compilation, sven small absolute errors in /\T graphs are of

relatively m%jor significancs.

Efforts to caleulate depths and other components of occurrence

on the basis of maps of magnetic field have created an inaccurate idea
to the effect that depths cannot be calculated from magnetic data with
satisfactory accuracy..This experience has had the objective effect

of facilitating the dissemination of primitive methods of calculation
which ars incapable of providing good results even when measurements
are of ideal accuracy. This deep-rooted practice must bs completely
uprooted. It cannot be shown that accurate magnetic measuremsnts in
geological conditions favorable to the magnetic method are incapable
of ylelding depths and other elements of occurrence as well as magnetic
intensities by calculation with the same accuracy as the data of other
geophysical methods including the seismic. On the contrary it may

be stated that ths possibilities offered by the 2 methods are identical
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as to principls but that the simplicity and eass with which magnetic
fields are measureable are balanced off by the labor needed to elabo-

rate this data.

The fact that large aeromagnetic expeditions do not include
among their personnel speclalists capable of doing geological elabo-
ration of survey data in ‘the process of field work is quite signifi-
cant. On the other hand the time allocated for elaboration in the

office is utterly inadequate for fulfillment of the required work.

It should be a universal rule that flight route AT curves
should be used to find the depth of cccurrence, dimensions and dip
of magnetized bodies in vertical cross-section by geometrical plot-
tings. Bodies described in cross-section must be divided into
specific categories by magnétic intensity calculated on the absolute
intensity of the anomalous field. Such caleulations must be made
for each flight course at all points where changes in the magnetic
pield permit empioyment of the methods of computation with which

we are now familiar.

The accuracy of the findings for depth which may on rare
occasion be verifiable by means of reliable independent, credible
data (primarily by the evidence of bore holes) 1s generally checked
by the degree to which the changes from one point to the next are ‘
iegical in course and likewise by the logic of obgerved changes in
other ccmponents of occurrence and by the degree to which the magnetic
intensity for a given anomaly proves to be constant. Should points
for which depths have been calculated be closely spaced (the data on
Western Siberia is adequate to permit celculation of depths at 10-20
points per sq dscim of map surface, given depiction of flight courses
at one cm intervals), one ia free to discard findings that are obviously

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



Sanitized Cop . proved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2

unsatisfactory, while the remainder are used to depict the under'gro\md
relief in the form of isohypses on the scale of the survey, either

directly, or after averaging depths at points nearby.

Isohypse maps and series of typieal cross-sections character-
izing rocks by magnetic intansity should be the basic graphic appen-
dices illustrating the geological results of the work of aeromagnetic

expeditions on the given scale of survey.

Due to lack of experience in the compilation of such maps,
it is thus far difficult tc spseify a dasirable interval to be main-
tained between isohypses. In the gensral case this will depend upon
the absolute depth of occurrence of magnetized bodies. Therefore in
order to evaluate the accuracy with which subsurface relief has been
depicted it is necessary to enter on the map all points with caleulated
depths used to compile the map and to indicats calculated values.

A map of the magnetic field in the form of isolines or Ar

graph should constitute the second graphic adjunct.

Depending upon ths practical purposss to be served and the
accuracy with which the field has besn depicted, it is desirable to
reduce the scale of the map by comparison to the scale of the survey.
This map should serve as the basis and illustration for geclogical
conclusions relative to the major structural shapes in the territory
under study. It is clsar that graphic appendices must under no con-
ditionsbeindisagreement with each other and with established geological

factse

Supplementation of desk work on a scale such as to satisfy
the requirements formulated above would bring about a marked improve- ,

ment in the geological usefulness of high-accuracy seromagnetics,
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costs in the general, complex of gsological research work in which

the aeromagnstic method is employed. . : "

BIBLIOGRAPHY

1. Andreyev, Be Aey "Caiculat‘ior;s'for Spatial Distribution of Fields
of Potential and.the Use Thereof in Exploratory Geophysics,"
Izve AN [Akademiya Nauk] SSSR [News of the Academy of Sciences =
USSR], geography and geop}\vsics. series, No 1, 1947, No 3, )
° 1949, Wo 2, 1952, and geophysics series, No 1, 195L
2. Andreyev, B. A., "Problems of Ebcploratqry Geophysics Connected
with Dirichle's Problem,™ Geofizika [Geophysics], Collection

Iy

No 13, 1948, materials of the VSEGEI .
.3. Andreyev, Be. A. ,ﬂ "Two: Methods of Determining the Components o;' R
6ccun~enoe of the Vertical Stratum of: a Magnetic Aﬁomaly,“ ‘
Tprudy VIRG [Vsasoyuznyy Tnstitut Rayonnoy Ceografii] [Works _
of the.All-Union Institute of Regional Geography], No 2, 1950
N 4e Andreyev, B. 4., '"The Conditions under Which Equations for a 2=
. Dimdnsidnal Proble ave’ Applicable: to Interpratation of Hag-
net:ic and Gravitational Anomalies," Trudv VIRG No 3, 1950
5, ‘Andreyev, B..i., "A Simple Method of Calculating Geophysical
Anomalies by Highs," Ipudy VIRG, No.3, 1950 .
" 6. Arkhangsliskiy, A. D., Geologigheskove gtrovenie i geologichegkaVs
. istoriva SSSR [The Geological Structurs and Geological History
* of the USSR], 1941, State Scientific and Technical Press for
. Petroleun and Mineral Fusl Literature
7. Bauman, V. I,, "The Gooiogiéal Interprstation of the Results .
of M::agnetometric Sm;y," Trudy VIRG, No 2, 1950
8, Bakhurin, Y., "The Msgnetie Fleld of Bodies of Regular Shaps,
Considered in Terms of Magnetomstry," Igvestiva IPG [Institut:

- 176 -

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



9.

10,

1l.

12,

13,

1L

' 15,

‘ Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2 ]
T " .

prikladnoy géologii] [News of the Institute of Applied Geology],
No 1, 1925, No 2, 1926, No 3, 1927, No IV, 1928
Veynberg, Bes Po, MHethods of (lassifying Geomagnetic Fields As

i_elektrichestyu [Collected Data on Terrestrial Magnetism

and Electrieity], No 6, 194k, Sverdlovsk, Gidrometeoizdat -

- Vsyﬂbex‘g, Ko Be, "Faraday's Hethod of Deplcting a Magnetic Field
by Lines of Force Applied to the Interpretation of Results
of Magnetic Surveys," Irudy GI® [Glavnaya geofisgicheskaya
observatoriya]{Works ;)f the Hain Geophysical Observatory)

No 19, 1938

Glebovskiy, Yu. S., "On the Reasqné for the Eas't- Siberian Conti-
nental Magnetic Anomaly," Izv. AN SSSR, geography and geophy-
sics séries, Vol X, No %, 1946

’éémburbsev, Ge Aey "™On Detem:‘ning.the Components of Occurrence
of Bodies of Infinite Extent by Observations of Gravity,"
Izvestiys AN SSSR. geography and geophysics series, No 3, 1940

Gamburtsev, -Ge A., "Determination of the Center of Gravity of
a Body on the Basis of Observations of Gravity," Izv. AN JGSR,
geography and geoptw.'sics series, No 4, 1938 '

Gelvfand, I. S., "Direct Methods of Interpreting Gravitational
Anomalies Due to 2-Dimensional Bodies," Irudy Gorno-geplo=
gicheskopo instituta [Works of the Institute of Mining Geologyl,
No 19, w [Geophysieal Collsction] No 1, 1950,
Sverdlovsk UFAN [Uralf¥skiy Filial Akademii Nauk—— Ural Branch
of the Acgdaw of Sciencse] _

Zamorev, A. A.,u On Interpreting the Meaning o.f the Derivatives
of the Magnetic Potential of Excitant Masses," Isv, AN SS&R,
geography and geophysics series, No 6, 1939

°

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01 043R000900100005-2



Zamorev, A. A., "™On the Determination of the Derivatives of the
Gravitational Potential and the Relationships between the
Moments of Excitant Masses by Means of a Derivative for the
Plane," Igv, AN. SSSR, geography and geophysiss ssries, No 3,
1939

Zamorav, A. A., "Determination of the Shape of a Body by the
Derivatives of the Externzl Gravitational Polential,®
Igve AN SSSR, geogrephy and geophysics ssries, No 1-2, 1942

Zamorev, Ae. A., "An Investigation c;f the 2-Dimensional Inverse
Problem in the Theory of Potential," Izve AN SSSR, geography

and geophysics series, No 4-5, 1941

Ivanova, N. A., "The Interpretation of Anomalies by the Relative

Appearance of the Curve,' Teoprive i praktika interprotabsii
geofigichesicikh anomaiiy [The Theory and Practice of the
Interpretation of Geophysical Anomalies], No 15, 1951,
sverdlovek, Cosgeolizdat, V. V. Vakhrushev Mining Institute

Kaganli, D. N., "The Earth's Magnetic Field and Plutonic Causes
in Tectonics,™ Vegtnil AN Kaz. SSR [Herald of the Kazakh
Academy of Sciences], No 2, 1948, Alma-Ata

Kaganskiy, A. P., "Determination of the Components of Occeurrence
of a Mineral Resource by Magnetometric Deta," Izv, AN SSSR,
division of mathematical and natural sclences, 1938

Kaganskiy, A. P., "Determination of the Major Components of an
Occurrence of Deep Vertical Penetration by Gravimetriec and
Magnetometric Data," Igye. AN SSSR, division of mathematical
and natural sciences, 1938

Kaganskiy; A. P., "Determination of the Cross-fection and Depth
of Occurrence of Magnetiged Bodies by Meagurements of the
Magnetic Field," Ge heald S : ik
igkopayemykh [Geophysical Methods of Prospecting for Minerals],

-178 -

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



# Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R0090010005—2

1951, Gosgsollzdat
Kalinin, Yu. D., Geomagnitnye vekovye variatsil i vnutrenneye
stroyenive gemli [Secular Geomagnetic Variations and the
Earth's Internal Styucture), 1946, CGidrometizdat
Kalinin, Yu. D., "Bauer's Residual Field," Inf. sbornik po

gemnomu magnebizmu i elektrichestvu [Collsction of Infor-

mation of Terrestrial Magnetism and Electricity], No 5,
Part 1, 1940

Logachev, A. Ao, "An Attempt At Magnetic Survey from an Aircraft,n
Razve_nedr [The Prospector], No 17, 1936

Logachev, A, A., "An Attempt at Utllization of Asromagnetic
Survey to Determine the Depth of Occurrsnce of Magnetic Masses,"
Geofizika, Collection No 8, 1940, materials of the TsNIGRI

Logachev, A. A., Vozdushnays magnitnays g'yemks i opyt eve pri.-
meneniva v_geologo-poiske rabotakh [Aerial Magnetic Survey
and Efforts to Apply It in Geological Frospecting], 1947,
Gosgeolizdat

Logachev, A. A., Kurs magnitoragvedki [Textbook on Magnetic Survey-
ingl, 1951

Maksimov, B. I.; "™agnetic Survey in the Petroleum Industry,”
Prikladnaya gecfigika [Applied geogtysics],  No 7, 1950

Malkin, Ne. R., ™Changes in the Components of Terrestrial Magnetism
with Altitude,™ Irudy G, Vol 1, No 3, 1934

Nikiforov, P, M., "The Physical Foundations of the Gravitational
Method in Mineral Prospecting," Izv. IPG, No 2, 1926

Pudovkin, I. M., "Application of Neuman's Problem to the Solution
of Certain Problems of Applisd Magnetometry,"” Trudy NITZH
[Nauchno-issledovatel!sikiy institut semnova ﬁ@etim]

{Works of the Institute of Terrestrial Magnetism] No 5, 1950

-179 -

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2




Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2

Roze, T» N., "A Table of Relative Values for the Components of
the Magnetic Fisld of Certain Bodies and Its Use in Inter-

preting Magnetic Anomalies," Iyudy NITZM, No 4, 1949
Tafeyev, Yu. P., "Nomograms for the Determination of Components

of Occurrence of a Vertical Stratum by Magnetic Anomaly,"
Trudy VIRG, No 2, 1950

Tafeyev, Yu. P., "n Calculations of the AT Magnotic Field,"

Trudy VIRG, 1953, CGosgeolizdat, geophysical prospecting of
ore ocecurrence

Trubyatchinskiy, N. N., "Geotektonics and Geomagnetismus,”
reprint from Verhandlungen der siebenter Tagung der Balbischen
geodttetischen Kommisgion, 1934

Yanovskiy, B. M., Zemnoy magnetigm [ Terrestrial Magnetism], 1953,
State Theorstical Engineering Publishing House

Yarosh, A. Ya., "Approximated Equations for Interpretation of
Gravitational and Magnetic Observations,” Isoriva i praktiks
interpretatsil piofizich. anomeliy [Theory and Practice of
the Interpretation of Geophysical Anomalies], 1951, Gosgeolizdat

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



Sanited Copy A ved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2 ]

L L1

14 g

Sionre 2.0 Yaristion in the theoratie:) [&F curve over'a verbical
v of the bhicknass 2b = 2hoab a depth of A = 1 relative to

ith el ils strike Aw and angles. of dip of.éOO and 75°.

7

igues f.Uraph Tayent “or caleulation of B for a given field Z_,
A ks

the proble=m toing J-dimensional.

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



Sanitized C roved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2

Figure L. Specimen

infinite cours=

/

Graph .arrangemant Tor

field, the problem being 3-dimensional.

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



’ Sanitized Copy A| ve for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2

o

Figurs 6. Spzcimen of calculation of 1 g :
g - S5p ,.o,cucu¢hmJoLH(m‘\yywlloWW'xmwy

of indeterminatz extent.

3
a4

al

L B T Ty T e

T 77‘}' R A Sam

T

L1

I

I
I

|
RS

24 s s . :
; /- with height above vertical

Figure 7. Curvas showing chansz in

ok e ctaveyd - i
strats of ractwizular cross maction and in€inite courss.

Sanitized Copy Aproved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



Cpure 8. Jurvs

of varyineg

: . 3 ik B cantiac DTS S
Sioure 9. The mammebic Tiell or an inclinad stratum, ver tieil cress

section.




Sanitized C roved for Release 2010/09/01 : CIA-RDP8 1043R000900100005-2

400

100,48

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



Sanitized Copy A| ved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2

—

Figure 12. Graph l.uyout"f’ for p:@,qulxi {2 4wt 2 higher altitude,
. i . .
the problem baine 2-4

'|
e — 40

{1

i
Figure 13. Specimeh calenlation of Z at o hirher lovel in an instuance

of a highly lonsstod wnomily.

Figure 1L. Graph layout for calculation of 7 at a

the problem being 3-dimensional.

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



il Sanitized Copy A ved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2

2 15. Spacimen caloulation of 7

aromaly of

NN

\\

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R00090010005—2



2000
2 4 f M

L-za00y

Figure 17. mas ic izld of piphly notamorphossl anciont rocks.

SanitizeCopy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



Sanitized Copy A| ved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2

o

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



Figure 21. Complex AT anomily and its differentiation aloneg the

9(37) curve
-——a—:‘— Urva.

2000772
0007|

~iggoyt & W@ 15 20 wac

Figure 22. Identification of the contours of waakly mapnetized
rocks by mecans of very pronounced local changes in

the Z field ovar ths surrounding rocks.

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



1043R00090010000:

Ly daposi

ian

c—Gambrian strat

PN

—

/ + 4+ F + EN

WV/+++++++++\IV

7 F A 4+ + F F+

Fs+ 44+ ++44 +

+
A

\—_‘/
\/'

| o++ + + A+ F
1

Hieurs 2.

Difforentiation of tho 4 rranitic intrusion
by chaneas ih

conbour of

in Lhe contact zone.

Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP81-01043R000900100005-2



Figure 25. Differcntion of the contour of an intrusion by changes

in the magnetic field over ore-beouring strata.
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